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PKEFACE

This nandbook constitutes Part Three of a planned series on Military Pyrotech-
nics and torms part of the Engineering Design Handbook Series of the Army Mate-
riel Command. Part Three is devoted to the presentation of data on the principal
ingredients of pyrotechnic compositions. The information is presented on data
sheets, representing a total of 128 ingredients. The data presented here have been
coliected from many sources and are intended to facilitate reference and the mak-
ing of calculations by chemists, engineers and physicists in the field of pyrotech-
nics. A single reference list, showing the main sources of data, is included and
cach reference is keyed in by number tu appropriate entries on the data sheets.
References thas pertain only to a specific data sheet are listed at the end of the data
sheet under Additional References.

Part Two, a separate handbook with the same date of publication, deals with
the problems of safety in the pyrotecanics laboratory and plant, processing proce-
dures and equipment, particle size procedures, and contains a glossary of terms.

Paxt One, under preparation ac ine time of publication of Parts Two and Three,
will deal with the physical and chemical theoretical aspects of the production of
pyrotechnic eftects, and the applicarion of the theory to practice. Ie will aigo in-
clude a history of the pyrotechnic art ¢nd an extensive bibliography.

A future volume, currently in the planning stage, will be devoted to discussion
of methods used in the evaluation of pyrotechnic items, determination of their com-
piiance with the requirements -of the using services, special equipment and proce~
dures which are followed in tests and evaluatioa, and considerations affecting the
interpretation of results.

Material for Parts Two and Threewas prepared by McGrawszHill Book Company
for wne Engineering Handbook Office of Duke University, prime contractor to the
Army wesearch Office--Durham. The entire project was under the technicai guid-
ance vi an interservice committee, with representation from the Army Chemical
Center, Ballistics Research Laboratories, Frankford Arsenal, Harry Diamond
Laboratories, Picatinny Arsenal, U. S. Naval Ammunition Depot {(Cra.e}, U. S.
Naval Srdnance Laboratory, and U. S. Naval Ordnance Test Station. Chairman of
this commauaitee was Mr. Garry Weingarten of Picatinny Arsenal.

Acencics of the Department of Defense, having need lor Handbooks, may sub-
mat rvquisitions or official requests directly to. Equipment Manual Field Office (7),
Lertersenny Army Depot. Chambersburg, Pennsylvania. Contractors should sub-
mit such requisitions or requests to their contracting officers.

C.raments and suggestions on this handbook are welcome and shouid be ad-
dress¢i to Army Research Office--Durham, Box CM, Duke Station, Durham, North
Carolit.a 27706.
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ABBREVLATIONSAND SYMBOLS*

a. Angstrom unit(s)

length of side (X-ray data)in Angstrom units

abs. absolute

Acta Chem. Scand. Acta Chemica Scandinavica (Copenhagen, Denmark)
Acta Cryst. Acta Crystallographica

addnl additional

ale, alcohol

alk. alkaline

amor. amorphous

Anal. Chem. Analytical Chemistry

Anal. Chim. Acta Analytica Chimica Acta

Ann. Physik Annalen der Physik

app. apparatus

approx. approximate(ly)

A 8. T.M. American Society for Testing Materials

at. atomic

av. average

atm. atmosphere(s), atmospheric

b length of side (X-ray data) in Angstrom units
Ber. Berichte der deutschen Chemischen Gesellschaft
B. M. ’ Bureau of Mines, Dept. of the Interior

B. P. black powder

b. p. boiling point

* Abbreviations and symbolsinthe following data sheets generally correspond to those in
Chemical Abstracts.
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Br Coem. Abstt.

Bull, am. Corda.

C.A.

cal.

Can. . Technol.
ccC.

Chem. Eng. News
c.f.m.

Chem. Eng. Prog.
C. 1.

Chem. Revs
coeif.

zonipn. (s)

Compt. rend.

concd.
concn.
C.P
cryst.
cu. ft.
d.
DDTA
decomp.
aii.

diln.

British Chemical Abstracts

sulietir of the American Ceramic Society
crystal{sj

iength of side (X-raydata) in Angstrom units
Chemical Abstracts

calories(s)

Canadign Journal of .Technology

cubic centimeter(s)

Chemical and Engineering News

cubic feet per minute

Chemical Engineering Progress

Colour Index (Refs. 48 and 48A)
Chemical Reviews

coefficient

compositions

Compte rendus hebdomadaires des Séances de 1'Academie des
Sciences, Paris, France

concentrated

concentration

chemically pure

crystalline

cubic foot

density

derivative differential thermal analysis
decomposes

dilute

dilution



DTA

equil .

equiv.

est.

estd.

f.p.m.

-

HC

HE

[CC
1.C. T

Ind. Eng. Chem.

insol.

iv.

J. Am. Chem. Soc.

J.

Gos s -

J.

Js

J. Soc. Dyers Colourists

k-

Am. Ceram. Soc.

Appl. Polymer. Sei.

Chem. Phys.
Chem. Soc.
Colloid Sci.
Electrochem. Soc,
Franklin Inst,
Phys. Chem.

Research NBS

Kcal.

differential thermal analysis
equilibrium
equivalent
estimate

estimated

feet per mirute
gram(s) ' B

Hexachloroethane Smoke Mixture

high explosive

Interstate Commerce Commission
International Critical Tables (Ref. 42)
Industrial Engineering Chemistry

insoluble

intravenously

Journal of the American Chemical Society
Joumnal of the American Ceramic Society
Journal of Applied Polymer Science

Journal of Chemical Physics

Journal of the Chemical Society (London)
Journal of Colloid Science

Journal of the Electrochemical Society
Journal of the Franklin Institute (Philadelphia)
Journal of Physical Chemistry

Journal of Research of the National Bureau of Standards
Journal of the Society &€ Dyers and Colourists
kilo

Kilocalorie
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L.D.

liq.

3
m., m

>

M.A.C.

manuf, (g)

M. C. A

Mém. artillerie frang.

Me''. poudres
mg.
min,

M. L.D.

mol.
m. Q.
NG
OSM
P.A.
PATR
pdr.
powd.
p. p- m.
press.

Proc. Roy. Soc.

kilogram

liquid

liter(s)

lethal dose

liquid

meter, cubic meter

Maximum Allowable Concentration (based on continuous
exposure for an 8-hr. day)

manufacture, manufacturing
Manufacturing Chemists Association
Mémorial de l'artillerie frangaise (Paris)
Mémorial des Poudres (Paris)
milligram(s)

minimum

minimum lethal dose

millimeter

molecular

melting point

nitroglycerine

Ordnance Safety Manual

Picatinny Arsenal

Picatinny Arsenal Technical Report
powder

powdered

parts per million

pressure

Proceedings of the Royal Society (London)
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psi pounds per square inch

pt part

Pyro pyrotechnics

Rec. trav. chim. Recueil des Travaux Chimiques des Pays-Bas (Dordrecht,
Netherlands)

Rev. revision

T relative humidity

inbdr . rhombohedral

rhomb. rhombic, orthorhombic

R. L report of investigation (followedby number)

R.T. room temperature

satd. soh. saturated solution (hygroscopicity determinations)

S System (used with Ref. 44)

sl. slightly

sol. soluble

soly. solubility

spec. specification

sp. gr. specific gravity

S.P.1L Society of Plastic Industries

stat static

S.T.P. Standard Temperature and Pressure

sup supplement

T temperature

tech. technical(ly)

temp. temperature

TGA thermogravimetric analysis

Trans. Faraday Soc. Transactions of the Faraday Society (Aberdeen, Scotland)
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T.P.
u. L.
Uu. N.
vac.
voi., V.

wit.

Zeit. anorg. Chem.

Z. Elektrochem.

Zeit. Physik,

Zhur. Fiz. Khim.

transition point

Underwriters Laboratories, Inc., Bulletin of Research
United Nations

vacuum

volume

weight

Zeitschrift fur anorganischa und allgemeine Chemie

Zeitschrift fir Elektrochemic und angewandte physikalieche
Chemie (Berlin)

Zeitschrift fur Physik

Zhurnal Fizicheskoi Khimii (Journal of Physical Chemistry,
Moscow, U. S.S8.R.)
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ACETONE, (CH,).CO

(Dimethyl Ketone, B-Kelopropane, 2-FPropanone, P yroacetie Ether)

Structural Formula :
Specification No. :
Molecular Weight :
Crystalline Form :
Color:

Density, g./ml. :

0
H,C -C - CH,
JAN-A-189
H8.08
liquid
colorless
(liquid) 0.7 at 4-20°C

Coefficient of Thermal Expansion, cubical at 20°C: 1.487 x 103

cubical at0-54°C 1V, =V, (1+1.3240t3

Heat of Formation, Kcal./mole at 298°K:

Free Energy of Formation, Keal./mole at 298°K:

Entropy, cal./dég./mole at 298°K :

Melting Point :

Heat of Fusion, cal.(15%)/g. :

Boiling Point :

Heat of Vaporization, cal./g. at 56.1°C :

cal./mole :

Transition Point :

at BP. (ideal gas) :

Heat of Combustion, Kcal./mole at 20°C and

1 atm.:
Heat of Sublimation :

Autoignition Temperature, in air :

Enthalpy Change of Enolization at 25°C :
Me,CO (liquid)= CH, — CMeOH (liquid) Kcal./mole :

+3.8090t¢ - 0.87983t*)

(liquid) -59,240
37,120

479
72.7

177.5°K (-95.5°C)
234
329.5°K (56.5°C)

124.5
6952+ 1

426.8

700°C
1118°F

HEAT CAPACITY OF ACETONE

Set I, Reverse-flow Calorimeter, 760 mr.

£ C 61 () 90 105

T, °K 334 3148 363 378

¢, cal./g./deg. 0.375 0.374 0380 0.384
C, cal./molesdeg. 21.8 21.7 221 22.3
i, °C 120 135 155 165
T,°K 393 408 428 438

¢, cal./g./deg. 0.390 0.398 0.416 0.420
C, cal./mole/deg. 22.7 23.1 24.2 244

Ref&

1
1

Addnl. Ref. 4
Addnl. Ref. 5

Addnl. Ref. 5
Addnl. Ref. 6

1

1

1

1,42

Addnl. Ref. 7

71
75

Addnl. Ref. 2
7

Addnl. Ref. 1



Acetone, (CH,),CO (page 2)

Set 11, Direct-flow Calorimeter, 760 mm.

t, ¢C 0.4 74.6 99.1 1494
T, K 3.6 347.8 32.3 422.6
¢, cal./g./deg. 0.376 0.374 0.380 0.406
C,. cal./mole/deg. 21.8 21.7 22.0 23.6

See also Addnl. Ref. 8

Decomposition Temperature and Products: Between 506 and 632°C, the prod-
ucts of decomposition are about 4% saturated hydrocarbons and hydrogen,
14 CO, and the remainder CO, and ethylene.

Yapor Pressure:

Press.”. 1 10 40 100 400 760 M.P.

Temp.°C 594 311 -94 477 395 565 -946

X-Ray Crystallographic Data :
Interatomic Distances and Molecular Configuration

C-C 157+ 0.04A <C-C-0 123°
C-0 1.14 Planar
C-H 1.09

Hygroscopicity :

Solubility Data : Miscible in all proportions with water, alcohol, ether.
Soluble in chloroform.

Health Hazard : Prolonged or repeated inhalation or contact may have a variety

of harmful effects although cases of serious poisoning are rare. Also has a
narcotic effect, usually not chronic.

MAC.: 1000
Safety Classifications :
OSM : Class I, flammableliquid (flash point below 20°F)
ICC : Listed under “Explosives and Other Dangerous Articles™ as a flam-
mable liquid ;red label
Underwriters” Laboratory : 90 (gasoline class)

Fire and Explosion Hazard: Dangerous when exposed to flame. The vapors
form an explosive mixture with air; explosive range (% acetone by
volume) 2.55 to 12.8%¢. Can be ignited by an electric spark. Reacts vigor-
ously with oxidizing materials. Forms an explosive mixture with high con-
centrations of hydrogen peroxide. To fight fire use water, carbon dioxide,
dry chemical, or carbon tetrachloride. For precautions in storage, handling,
and dispensing, see Refs. 26 and 14.

Caution: Keep away from fire.

Electrostatic Sensitivity : Readily ignited by static discharge.
Use in Pyrotechnics : as a solvent

Additional References:

1) “The Heat Ca aci‘g/y of Organic Vapors. VI. Acetone,” B. Collins et al.,
J. Am. Chem. Soc. 72,2929 (1949)

52V1,
Addnl. Ref. 3

65, 85

1

12, 25, 29, 14

12, 25, 26, 14,
12V75

14



Acetone, (CH3).CO (page 3)

2)

3)

4)

5)

6)

7)
8)

“The Heat of Hydrolysis of i-Propenyl Acetate and m-Cresyl Acetate

and the Heat of Enolization of Acetone,” 8. Sunner, Acta Chem. Scand.
11,1757 (1957)

“Thermal Decomposition of Acetone in the Gaseous State,” C. N. Hin-
shelwood and W. K. Hutchison, Proc. Roy, Soc, A iii 245 (1926) . Ab-
stracted in Br, Chem. Abstr.

“Free Energies of Some Organic Compounds,” G 8. Parks and H. M.
Hoffman, The Chemical Catalogue Co., New York (1932)

“The Heat Capacities of Isopropyl Alcohol and Acetone from 16° to
298°K and the Corresponding Entropies and Free Energies,” K. K.
Kelly, J. Am. Chem. Sec. 51,1145 (1929)

“The Entropy of Acetone and Isopropyl alcohol from Molecular Data.
The Equilibrium in the Dehydrogenation of Isopropyl alcohol,” 8. C.
Schumann and J. G Aston, J. Chem. Phys. 6,485 (1938)

“The Thermodynamic Properties of Acetone,” R. Pennington and K. A,
Kdbe,J. Am. CIZem. Soc. 79,300 (1957)

“Estimation of the Heat Capacities of Organic Liquids,”” A. Johnson
and Chen-Jung Huang, Can. J. Technol. 33,421 (1955)

_,.
.



ALCOHOL, C.H.OH

(Ethyl Alcohol, Ethanol, Methyl Carbinol, Refs.
Spirit of Wine, Grain Alcohol, Ethylic: Aleohol,
Rectified spirit =90-959 alcohol)
Specification No. : MIL-E-463A
The specification covers grades 1,2, 5, and 6, of which only grade 2 (miu.
91.97¢ alcohol by vol.) isused in pyrotechnics.
Molecular Weight : 46.07
Crystalline Form : liquid
Color : i colorless
Density, g./ml. : (liquid) 0.7893 1
Coefficient of Thermal Expansion, cubical at 20°C:1.12 x 103 27
V. =V, (14 1.012* T2.20x 10*) (for 99.374 by vol.) 1, 41
Heat of Formation, Kcal./mole at 298°K ggas) -56.24 9
(liquid) -66.356
See Table a
Free Energy of Formation, Kcal./mole at 293°K: (gas) -40.30 9
(liquid) 4 1.77
See Table a
Entropy, Kcal./mole: (gas) 674 9
(liquid) 38.4
See Table a :
a. ENTROPY, FREE ENERGY, AND RELATED QUANTITIES
ETHYL ALCOHOL IN THE IDEAL CAS STATE AT
1-ATMOSPHERE PRESSURE Addnl. Ref. 6
(E¢ = -52,260cal./mole )
T -( E——%—-E—:ﬂ- ) S0 -Fo AFe * log..K *
cal./deg. ! cal./deg. ! -a Fo/RT.
oK mole ! mole ! cal./mole? cal./mole? 2.3026
298.16 . . . . 54.27 66.45 68,440 -40,010 29.329
300.00 . . .. 54.34 66.56 68,560 -39,910 29.075
400 ... L. 58.11 72.11 75,500 -34,310 18.749
50 . . ... 61.42 77.12 82,970 -28,470 12.447
6006 . .. .. 64.43 81.76 90,920 -2'2,490 8.191
700 . .. .. 67.22 86.08 93,310 -16,390 5118
200 . L. 69.84 90.12 108,130 -10.230 2.796
goo . ... 72.31 93.92 117,330 -4030 0.980
won L. 7165 97.48 126,910 42190 —).479
oG .. L. 76.88 100.85 136,830 8430 -1.675
1200 . ... . 79.02 104.04 147,080 14,680 -2.673
300 . ... 81.07 107.06 157,650 20,920 -3.517
1400 . . . .. 83.00 109.94 168,500 27,170 -4.239
1500 . . . .. 84,92 112.67 179.640 33.410 -4.867

*AF® and K are the ftee energy change and equilibrium constant, respec-
tively, for the reaction forming ethyl alcohol from its elements in their standard .
states ul T K.
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Aleohol, C.HOH (page 2)

Melting Point: 158.6°K (~114.5°C) 9
.Heat of Fusion, Kcal./mole : 1.200 9
Boiling Point : 351.7°K (78.6C) 9
Heat of Vaporization, Kcal./mole : 922 9
Transition Point: e

Heat of Sublimation : —_—

Heat Content or Enthalpy:

See Table b
Heat Capacity, cal./deg./mole at 298°K : (liquid) 26.64 9

See also Addnl. Refs. 2 and 5, and Table b

b. HEAT CAPACITY AT CONSTANT PRESSURE, HEAT CONTENT, AND
RELATED QUANTITIES OF ETHYL ALCOHOL IN THE

IDEAL GAS STATE Addnl. Ref. 5

O =~ 52,260 cal./mole!)

O (]
T u Ho AHo * CS
T
°K cal./deg. ! : cal./deg. !
mole ! cal./mole ! cal./mole ! mole-!
298.16. . .. 12.18 -48.630 -56,240 17.59
300.00 ... . 12.22 -48,600 56,260 17.66
400 ..... 14.00 -46,660 -57.250 21.00
500 ..... 15.70 -44.410 -58,110 24.09
600 ..... 17.33 -41.860 -58,780 26.81
700 ... .. 18.86 39,060 -59.320 29.18
800 ..... 20.28 -36,030 -59,710 31.25
90 ..... 21.61 -32,810 -60,000 33.07
1000 .. ... 22.83 -29.430 -60,200 34.66'
1100 .- ... 23.97 -25,900 -60,320 36.06
1200 .. ... 25.02 -22.240 -60,370 37.28
1300 .. ... 25.99 -18,470 -60,350 3834
1400 ... .. 2691 -14,590 -60,250 39.27
1500 .. ... 2775 ,-10,630 -60,190 40.08

* a He is the enthalpy of formation of ethyl alcohol from its elements in

their standard states at the temperature T.

Decomposition Temperature :
Decomposition Products:’ burnsto CO. and H.O




Alcohor, C.lHOH (page 3)

Vapor Pressure:

_I'ress mni. 1 10 40 100 400 760 M.P.
Temp. ¢C -313. 23 4190 39 6.5 7.4 112
X-Ray Crystallographic Duta : —_ !
Hygroscopicity : —_
Solu}[)_ility Data: Miscible with water and many organic solvents in all propor-
ions.

Health Hazard : [t is nor; considered an industrial poison, although large doses

cause nausea, vomiting, impaired perception, lack of coordination, stupor,
and ever death. Habitual use may cause gastritis, delerium tremens, hal-
luernations, peptic ulcers, and hepatic cirrhosis.
Exposure to concentrations of 5000-10,000ppm. irritates the eyes and
mucous membrane:;. Inhalation produces the same symptoms as ingestion.
M.A.C.: 1000

Safety Classitications :

OSM: ClassI
ICC : Listed under “Explosives and Other Dangerous Articles.” Flam-
inable liquid * red label.

Fircand Explosion Hazard : Readily ignited by flame or static electric discharge.
Forms explosive misture with air.

Explosive limits in air: 3.28t019% alcohol by vol.
Flash point : 55°F
Autoignition temperature : 799°F (95% alc.)

738°F (100% alc.)
For proper storage and handling see Refs.
Toright fire use CO;. dry chemical, or CCl,.
Eloctrostatic Sensitivity : Can be ignited by static electrical discharge.
et of Combustion, Kzal./mole at 20°C

and 1 atm.: 327.6
Viscosity, centipoises at 20 17
(fo* abs. alcohol) : 1.22
Surface Tension, dynes/em. «t 200 C
“fev abs, aleonol) 22.5
Use i Pyeniechics: for shellac solutions

See 3pes. JAN-R732

Adaiitional Keror:znces:
1) “Turrmodynamic Properties of Ethyl Aleohol,” R. C. Reid and J. M
Smith, Chem. Fryg Progr. 47, 415 (1951) .
2; “Ls!ianation of 'The Lleal Capacitier of Organic Liquids,” A. Johnsor
aae Chen-Jung Huzt-a, Can. JJ. Techno!, .22, 421 11955)

L

12, 25, 26V1,
29

14

12, 26, 14, 91

14

Addnl. Ref. 6

Addnl. Ref. 6
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D]

3) “lHeat Capacities of o) o Ahphatic Aleohols,” G. Siniie and T, DeViies,
J. Am. Chem. Soc. 75, 1R (19633)

1) “Lthy! Aleohol,” U. S. Industrial Chemical Co., Division of National
Dstillers and Chemical Corp., New York (1969)

H) F. Brickwedde et al., J. Resesrch NBS 27, 270 (1946}
{thermodynamic Jata)

6) “The Technology of Solvents and Plasticizers.” A. K. Donllttle John

Wiiy o Sons, New York (1‘)')44



ALUMINUM, Al

(Aluminum)

Specification No.:

The specification covers three types, which vary in purity, and five classes,

JAN-A-667

which vary in granulation and apparent density.
Type A—flat flakes manufactured by grinding or stamping.

Type B—granular orspheroidal particles manufactured by the atomizing

process orby grinding.
Type C-granular or spheroidal particles manufactured by the atomizing
process.
Molecular Weight : 26.98
-191to 416 18.35 X 10* 40 23.14 X 10*
20 255 x 10* 600 31.50 X 10*

Refs.

[y

i U

ooy 1 0



Aluminum, Al (page 2)

a. HEAT CONTENT AND ENTROPY OF Al(c, 1) 4
(Base,crystals at 298.156°K ; atomic wt., 26.98)
T, °K Hr —Haoes.1s St —S1es.1 T,°K Hr —Hzss.15 Sr—Szon1s
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 .. ... 600 1.2 1500 ... .. 10,830 13.59
500 . .... -~ 1230 3.14 1600 . . ... 11,530 14.04
600 ..... 1890 4.3 1700 .. ... 12,230 14.46
700 ..... 2580 5.40 1800 . . . .. 12,930 14.86
800 ..... 3310 6.38 1900 ... .. 13,630 15.24
900 ..... 4060 7.26 2000 ..... 14,330 15.60
932 (¢) ... 4280 7.50 2100 ..... 15,030 5.
932 (1) ... 6850 10.26 200 ..... 15,730 16.27
1660 ... .. 7330 10.75 2300 ..... 16,430 16.58
1100 ..... 8030 11.42 2400 ..... 17,130 16.88
1200 ... .. 8730 12.08 2500 ..... 17,830 17.16
1306 ... .. 9430 12.59 2600 ..... 18,530 17.4
1400 . .. .. 10,130 13.11 2700 . .... 19,230 17.70
Al(e) :

Enthalpy : Hr —Hges.16 =4.94T + 1.8 10°T2 - 1604 (0.6percent ;298° —932°K)
Heat Capacity :C, =4.94 + 2.96 X 103T ; A Hyy; (fusion) =2570

Al(D) -
Enthalpy : Hy —Hzes.15 = 7.00 + 336 (0.1percent ;932° —2700°K)




Aluminum, A (page 3)

b. HEAT CONTENT AND ENTROPY QF Al(g) 4
(Base, ideal gas at 298.15°K; atomic wt., 26.98)
T, °K H: ~Hoasa 15 S:-Sem. s T,°K Hy —Hiyge 15 Sr—Sxes
cal./mole cal./deg. cal./mole cal./deg.

mole mole

400 ... .. 515 1.4 1900 .. ... 7995 9.27

S50 .. ... 1020 2. 2000 ..... 8490 9.53

800 .. ... 1520 3.53 2200 ..... 9485 10.00

0 .. ... 2020 430 2400 .. ... 10,480 10.43

800 . .... 2520 497 2600 .. ... 11,470 10.83

900 ..... 3020 5.55 2800 ..... 12,470 11.20

1000 . .. .. 3515 . 6.08 3000 ..... 13,460 11.54

1100 ... .. 4015 6.55 3500 ..... 15,950 12.3

1200 ... .. 4515 6.99 4000 ... .. 18,440 12.98

1300 .. ... 5010 7.8 4500 ..... 20,950 13.57

1400 ... .. 5510 7.5 5000 ..... 23,490 14.10

1500 .. ... 6005 8.10 6000 ..... 28,790 15.07

1600 ... .. 6505 842 7000 ..... 34,640 15.97

1700 . ... . 7000 8.72 8000 ..... 41,440 16.87
1800 ... .. 7500 9.00

Al(g):

Enthalpy :Hr —Hage 15 = 4.97T —0.12 X 105T-1 - 1442 (0.1 percent; 298° — 5000°K)
Heat Capacity :C, =4.97 10,12 X 105T-

c. HEAT CAPACITY OF ALUMINUM*

'

Solidfrom 298¢ to 932°K
Liquid from 932° to 2720°K
Gasfrom 2720° t03000°K
T,°K C2 (cal./deg./male)
298 5.8
400 6.12
600 6.72
800 7.3L
1000-2700 7.00
28003000 4.97

*See also C, equations directly above
Decomposition Temperature : —_
Decomposition Products : o
Vapor Pressure:

Press.mm. 1 10 40 100 400 760 M.P. L
Temp. °C 1284 1487 1635 1749 1947 2056 660

10



Aluminum, 2P (page ‘i)

X-Ray Crystallographic Data :
System Space croup a Molecules/Unit Cell
cubic Oof 5.43A 4
Hygroscopicity, cumulative increase in weight after:
Atomized Stantped

Storage over H:O for29days: 55.2% 0.6%

Storage over HySO, for29days : 50.2% 0.0%

Two daysin oven at 105°C : 47.8% -1.4%
solubility Data :In alkali; hydrochloric,

sulphuric acids : soluble

In nitric acid, acetic acid : msoluble

Health Hazard : None. Not usually considered an industrial poison. Aluminum
dust can irritate the eyes. Inhalation of dust may cause chronic pulmonary
disease.

MAC. : 50 million particles/ft.’
(15mg./m.?)

Safety Classifications:

OSM : Class 1. Class 2 when not packed or stored in original shipping con-
tainers or equivalent (typesI and II),
U.N.: Inflammable solid, which in contact with water emits ﬂa!g{nable 2as.

Fire and Explosion Hazard: Dust may ignite when exposed to heat of flame.
May ignite by chemical action with oxidizers. Powder easily ignited or
initiated to explosion by discharges of static ¢lectricity. See Electrostatic
Sensitivity below.

Caution: Keep water away. Evolution of hydrogen gas may result in explo-
sion. When compounded with oxidizing agents, the powdered metal 1s a
dangerous fire and explosion hazard. Special mixtures of dry chemicals
should be used to fight aluminum fires,

See also Ref. 86

Electrostatic Sensitivity : Minimum energy required for ignition of powder by
electric sparks (millijoules)

Dust Cloud Dust Layer
Atomized: 15 2.5
s Stamped: 10 1.5

Ignition Temp. of Al powders, °C:
Dust Cloud  Dust Layer

Atomized : 640 750

Stamped : 550 470
Minimum Explosive Concentration, mg./1. :

Atomized : 40

Stamped : 35

Used in Pyrotechnics : Aluminum is used as a fuel. It produces ah intense white
light on burning, but no distinctive flame coloration.

Additional References:
1) Ref. 64

11

51

12

25
14

15
12,14, 49, 51

26

26

17, 20



AT.UMINUM OXIDE, AlLO,

(Alumina, a-Alumina, Corundum, Alundum)

Percent Oxygen : 47.08

Specification No. : MIL-A-10825

Molecular Weight : 101.96

Crystalline Form: hexagonal

Color : colorless

Density, g./ml. : solid) 3.9
lé%uld 2376-2625°K
632-1.127 X 10°T

Alumina may exist in several forms at low temperature, but they are all
converted to «.8lumina (corundum) by heating above 1600°C. The change
isirreversible.

B-Alumina is an impure form that occurs from sodium or potassium alu-
minate.

. Temp. of Trans-
Form  Crystalline Density Source fg’rlf)naéon to

Structure corundum, °C
a - hexagonal 3.965 stable form
y spinel type - dehydration gf
(hydI'OUS) Aln&; > 1200
5/ cubic 3.619 electrolytic oxi-
dation of Al 7501000
8 hexagonal 240 dehydration of
AICI; * GH;O 950
¢ cubic —_ electron diffraction —
£ octahedron 3.6 from lithium melts > 1600
Cocfficientof Thermal Expansion, linear for alundum,
25°-900°C: 8.7x 108
Heat of Formation, Kecal,/mole : (corundum)a(c)399.09
y(c)~384,84
See Table a

Free Energy of Formation, Keal./mole at 298°K : (corundum)-376.77
See Table a

12
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Aluminum Oxide, AL, (page 2)

Heat and Free Energy of Formation:

a. HEAT AND FREE ENERGY OF FORMATION OF
ALO, (CORUNDUM)

T.°K . A H (cal./mole) A Fv (cal./mole)
28.16 . ... -399,600 (= 900) -377,300 (= 900)
400 . ..., -399,700 369,600
500 ..... -399,600 -362,100
600 ..... . -399,500 ~-354,600
700 ..... 399,200 -347,100
800 ..... -399,100 -339,700
%00 .. ... -398,900 332,300
9317 . ... 398,800 -329,900
RBL.7 .... -403,%900 -329,900

1000 ... .. -403,700 324,600
1100 . . ... -403,400 -316,700
1200 .. ... -403,000 308,800
1300 ... .. -402,600 -300,900
1400. . . ... -402,300 -293,100
1500 .. ... -401,900 -286,400
1600 .. ... -401,500 277,600
1700 .. ... -401,200 -269,900
1800 . . . .. 400,800 —262,200
1800 ... .. -400,400 -254,500
2000 . .... -400,100 -246,800

Phase Changes of Metal
M. P, 931.7°K ;a H == 2570 cal./g.-atom
Free Energy Equations:

Reaction Range of Validity,°K
1) 241(c) +3/20,(g) =ALO; (corundum) 298.16 t0 931.7
A Fg =-404,480-15.68T log T +2.18 (10-3T2) +3.935 (10T 1) +123.64T
2) 2A1(1) +3/20,(g) =ALO; (corundum) 931.7t0 2000
AF$ =-407950-6.19T log T - 0.78 (10-3T2) +30935 (105T') +102.37T
Entropy at 298°K, cal./deg./mole (corundum) : 12.186
See Table b
Melting Point : 2313°K (2040°C)
Heat of Fusion, Keal./mole : 26.0
Boiling Point : 2523°K (2250°C)
corundum (a«-alumina) 3773°K (3500°C)

Heat of Vaporization : o

13
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Alunnum Oxide, ALO, (page 3)

Tra,. . rion Taint:

Jeat of Transition:
Hegt of Sublimation .

Heat Content or Enthalpy:

I, °K Hy — Ho 15 St —Suen1s T,°K Hr —Hunaas Se—Seon.15
400 ... L. 2150 6.17 1300 .. ... 27,730 38.87
500 .. ... 1580 11.59 1400 ... .. 30,800 41.11
600 ... .. 7200 16.36 1500 . .... 33,890 4327
700 ... .. 2960 20.61 1600 ... .. 36,990 4527
WO ... L. 12,810 2442 1700 .. ... 40,100 47.16
900 i%,720 27.84 1800 . . ... 43,220 48.94
1000 18,670 30.95 1900 .. ... 46,350 50.63
1160 21,660 33.80 2000 .. ... 49,490 52.24
1204 24,680 36.43
Al,O3(c):
Enthaipy : He = Hags 15 =27.49T F1.41 x 103T2 +838 % 105T-1 - 11,132
(0.5percent; 298 —1800°K)
Heat Capacity : G, ==27.49 +2.82 % 10*T -838 % 10T 2
Heat Capacity, cal./deg./mole : (solid) 18.88 4,9
See Table b for equation
Decomposition Temperature : 3800°K = 200 8
Decomposition Products: 2410 (gas) 10 63
For DTA see Addnl. Ref. 4
Vapor Pressure :
Press.mm, 1 10 40 100 400 760 M.P.
Temp. °C 2148 2385 2549 2665 2874 2977 2040
X-Ray Crystallographic Data (a-corundum) :
System Space Group a c Molecules/Unit Cell | 1
hexagonal D 5.56A 22.55A 2
Hygroscopicity : Powdered Al,Q; readily absorbs moisture from the air. 29
Solubility Data :
In water at 29¢C: 0.000098 £./100 g. 1

insoluble
very slightly soluble

In hot water:
In acids and alkalies:

14




Aluminum xide, Al:(), ; paze 1)

Hez!th #1azard: High coneentratiors of dust may be irritating to the respira-
tory tract and cause Shaver's discase,
M.A.C. :50 million pi.rticles/ft.?

Safety Classifications :

Fire and Explosion Hazard: _—

Electrostatic Sensitivity: e

Use in Pyrotechnics: A small amount of alumina added to powdered red phos-
phorus maintains it in a free flowing condition and free from lumps.

Aluminum oxide is formed when aluminum or any of its compounds are
burned in air. or in a sufficient amount of oxidizer or oxygen.

Additional References:

1) A. D. Mah, J. Phys. Chem. 62, 572 (1967) (gives the value for Heat of
Formation as —400.48 + .25 Kcal./mole)

2) “The Gascous Species of the Al-Al;Os System,” L. Brewer and A
Searcy, J. Am. Chem. Soc, 73,5308 (1951) . (disassociation pressures)

3) Ref. 64

4) “Differential Thermal Analysis of Organic Compounds,” A. T. Perkins
and H. L. Mitchell, Trans. Kansas Acad. Sci. 60,437 (1957)

5) “The Density of Liquid Aluminum Oxide,” A. D. Kirshenbaum and J. A.
Cahill, J. Inorg. Nucl, Chem. 14, 283 (1960)

16
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ILFAMINOANTHRAQUINONE, C, H,NO,
(1-Amino-9,10-Dihydro-9,10-Dioxoanthracene :
Fast Red Al; a-Anthraquinonylamine, C.1. 37275, 4z0ic Component 36)

0 NH;
o

Structural Formula :

< pecification No. : MIL-D-3698
Molecular Weight : 223.23
Crystalline Form : needles
Color: red

Density : e

Ceefficient of Thermal Expansion :
tieat of Formation:

Free Energy of Formation:
Entropy :

Meiting Point :

Heat of Fusion:
Boiling Point :
Heat of Vaporization, Keal./mole at 298°K
and 1 atm.:
Transition Point:
Heat of Sublimation :
Heat Content or Enthalpy:
Heat Capacity :
Decomposition Temperature :
For DTA and TGA see Ref. 81
Decomposition Products :
Vapor Pressure :
X-Ray Crystallographic Data :
For absorption spectra see Ref. 66
Hygroscopicity :
Solubility Data :
In water, g./100 g. at 25°C :
at80°C:
In ether, chloroform, benzene :
In glacial aceticacid, 13. at11.5°C :

16

525°K (252°C)

LETETET

0.00004
0.0009

soluble
dissolves 3.3 g

Refs.

L, 84, 48A

88V14

1
84

1,88V14

Addnl. Ref. 1

Addnl. Ref. 2
1,28,88V14
and V17




1-Aminoanthraquinone, C,;HNO: (page 2)

In 92-96 % H,SO, :
Inoleum, 2090 SO; :

In concentrated HC] :
Health Hazard :

Safety Classifications:
. OSM:

1CC:

Fire and Explosion Hazard:

Electrostatic Sensitivity :

dissolves with
yellow color

dissolveswith
red-color

dissolves

not listed
not listed

Use in Pyrotechnics: To color smoke mixtures red. Usad in orange smoke

mixtures.

Additional References :

1) “A Radioactive lonization Gauge and its Application to the Measure-
ment of Latent Heat of Vaporization,” J. H. Beynon and G. R. Nichol-

son, J. Sci. Instr, 53,376 (1956)

2) J. Soc. Dyers Colourists 70, 68-77 (1954)
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AMMONIUM NITRATE, NH,NO,

Percent Oxygen:
Specification No. :

60

JAN-A-175
. The specification covers grade I and grade 11, which differ slightly in pur-

ity. Grade I has three classes differing in granulation.

Molecular Weight : 80.05
Crystalline Form: Five forms as follows:
Designation System Range °C
I (¢) regular (cubic) (isometric) 125.2t0 169.6
IT (8) rhombohedral ortetragonal 84.2 t0 1252
HI (y) orthorhombic 321to 84.2
IV (8) orthorhombic -16 to 32.1
V (a) tetragonal -18t0-16
Color: colorless

Density, g./ml. :

Coefficient of Thermal Expansion:

(solid) 1.725at25°C
1.594 at 130+ 5°C
5 1.666 at 93+ 5°C
y 1.661at40= 1°C
g 1.725at +25°C
a 1.710at-26+ 5°C

Coeff. x 10¢ 677 852 920 982 1069 1113
Temp. °C -60 20 0 20 60 100
Heat of Formation, Kcal.,/mole at 298°K: (c) 87.27
-87.93
Free Energy of Formation, Kcal./mole at 298°K : (c) -43.82
Entropy, cal./deg./mole at 25°C ; *%.0

See Table a
Melting Point :
Heat of Fusion, Kcal

Boiling Point :

Heat of Sublimation :

Jmole :

18

442.8°K (169.7°C)

13
1.53

decomposes at 483°K
(210°C)

Refs.

1,43

44

9
14

Addnl. Ref. 11
Addnl. Ref. 11

9
9
Addnl. Ref. 9

1



Ammonium Nitrate, NHNO, (page 2)

a. HEAT CONTENT AND ENTROPY OF NH,NO;(e, 1) 4
(Base, «~crystals at 298.15°K)
T,°K Hr - Hogarn St - Saea.1s T,°K Hy —Hazge.15 St —Sees.1s
cal./mole cal./deg. cal./mole cal./deg.
mole mole
3053 («) . .. 240 0.80 3B.4(8) ... 4830 13.656
05.3(8). .. 620 2.04 400.. .. .. 4900 13.83
325 .. . ... 1180 3.8 425 . ... .. 6040 16.60
30 ...... 1890 5.92 428 8). .. 6860 18.48
357.4(8) . . . 2100 6.5 a8 (1) ... 8160 21.42
B7.4(y) ... 2420 7.41 450 . ... .. 8440 2.06
37 .. .. .. 3020 9.06 500 . ..... : 10,360 26.09
38..4(y) . .. 3820 11.12 550 . ..... 12,290 2.717
NH,NO,(«) :
Enthalpy :Hr — Hzee.1s =33.601'- 10,018 (0.1percent; 298° —305.3°K)
Heat Capacity : C, =33.60 ;A Haos.3 (transition) == 380
NH4N03(B) :
Enthalpy :Hr —Hape.16 = 28.40 — 8051 (0.1pcrcent ;305.3° —857.4°K)
Heat Capacity :C, == 28.40 ; A Hysr.4 (transition) = 320
NH,NOs(y) :
Enthalpy : Hr —Haes 15 =34.10T —9767 (0.1 percent ;357.4° —398.4°K)
Heat Capacity : C, = 34.10 ;A Hzgg 4 (transition) = 1010
NH*NO;(S) .
Enthalpy : Hr — Hpgs 15 = 45.601'— 13,337(0.1 percent ;398.4° —442.8°K)
Heat Capacity :C, =45.60
NH,NQ;(1) :
Enthalpy : Hy —Hges 15 == 38.501'—8887 (0.1pcrcent ;442.8° —550°K)
Heat Capacity : C, == 38.50
Decomposition Temperature, °C : 210 1,13
Decomposition Products: These vary with the conditions of decomposition or| 43
explosion. Many different equations for the decomposition.reactions are
given in the literature. Practically all involve oxides of nitrogen.
For DTA see Refs. 33, 47,and Addnl. Ref. 10
Dissociation Pressure :
Press. mm. Hg. 325 746 11.% 158 2.0 4.0 M.P. Addnl. Ref. 11

Temp. °C 188 205 216 223 237 249 1e8.6

See also Addnl. Ref. 3
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Ammonium Nitraie, NILNO; (page 3)
b. X-RAY CRYSTALLOGRAPHIC DATA

Designation System Space a b ¢ Molecules/
Group Unit Cell
&orl cubic 440 1
§ or 11 tetragonal 5.5 500 2
y or III orthorhombic Vie 7.06 7.66 5.80 4
B or IV orthorhombic \25 575 545 4.96 2
xorV rhombic Vis 4928 5434 5.7 2
R.H.% 31 43 52 65
24hrs. Equil. | 24hrs. Equil. | 24hrs. Equil. | 24 hrs. Equil.
Gain mg./g.| 0.3 0.5 0.3 05 0.7 1.0 131.6
Water | Alcohol Nitric Acid Pyridine Acetic Acid
°C g | °C % | °C %  %HNO; | °C % °C . %
0 118 0 45.1 30.0 25 Approx.| 16,6 0.0
20 192 | 20 2.5 15 73.0 2.7 20-25 27.0 0.39
40 297 | 40 5 30 106 20.8 80.9 5.8
60 421 | 60 75| 78 201 31.6 101.0 20.7
80 580 78 10.5 120.0 125
100 871
Solubility, g./100 solvent :
In ethyl alcohol at 20°C : 3.8
In methyl alcohol at 20°C : 17.1
In acetone and NH; : slightly soluble

Health Hazard : Average or large doses may cause nausea and vomiting. Mock
erately toxic on ingestion or inhalation.

Safety Classifications :

OSM : Class 12. "When stored in an area where explosives may be projected
into the nitrates, the regulations for Class 9 are applicable. When stored
in an arca with fire hazards only and separated by inhabited building dis-
tances from areas containing ammunition, ammonium nitrate may be
stored in accordance with the regulations governing the storage of Class
2 solid propellants."

ICC : Oxidizing material ; yellow label.

32

Addnl. Ref. 7
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Ammonium Nitrate, NHNO, (page 4)

Fire and Explosion Hazard : Many disastrous explosions have been attributed

Eleccrostatic Sensitivity

to ammonium mtrate. Although it is relatively insensitive as a high explo-
sive by itself, if aliowed to burn unconfined, its tendency to explode in-
creases witn pressure and the presence of oxidizable materials. Contam-
ination with chlorides, nitrobodies, sulfur, charcoal, metallic nitrates,
rfetal powders, petroleum derivatives and oxidizable carbonaceous mate-
rials sensitizes ammonium nitrate, accelerates its decomposition and in-
creases the violence of the reaction. Zinc or lead contamination lowers the
decomposition temperature to below 100°C. Galvanized metals and lead
sulder shouid, therefore, not be used in the vicinity of ammonium nitrate.
Fires involving ammonium nitrate should be vented to the greatest possible
extent because air acts as a diluent for the hazardous gases, minimizing
the probability of explosion. Fires should be fought with large quantities
of water but never with steam.

See aiso Addnl. Ref. 12

reat vf Combustion, Kcal./mole : Q! =50.3
Heat of Expiosion, cal./g.: 346
gas voiume, cc./g. : 980
Heat arid Stabiiity Tests:
75°C International Heat Teat, % loss
in 48 hours: 0.0
100°C Heat Test:
% loss first 48 hrs.: 0.74
% loss second 48 hrs.: 0.13
explosion in 100 hrs.: . none
Vacuum Stability Tests, gas evolved in 40 hrs,
at100°, 120°, and 150°C: 0.3cc.
Explosion Temperature Test, 5 sec. point, °C : ignites at 465

Rifle Bullet Impact Test (at density of 1.2 g./ml.) : unaffected in 100trials
Sensitivity to Initiation, g. tetryl needed to initiate -  0.25
Trauzl Test, % TNT: 56

Friction Sensitivity :

Impact Sensitivity : Effect of temperature on ground, C.P. Ammonium Nitrate.

unaffected by steel shoe

Temp. °C P.A. Impact Test with _
2 kg. weight, in. (10% point)
25 31
75 28
100 27
150 27
175 12

21
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Ammonium Nitrate, NHNO, (p.age §)

Specific Heat: at°C -150 -100 -50 0 50 100

cal./g./°C 0189 0330 0.364 0.397 0414 0.428

Compatibility with Metals: In the presence of moisture, ammonium nitrate
reacts with copper, iron, steel, brass, lead, and cadmium. See Addnl. Ref. 1

Uses in Pyrotechnics: asan oxidizing agent

Additional References :
1) “Military Explosives,” TM-9-T011A-1-34, Departments of the Army
and the Air Force (1955)

2) “Investigation of Sensitivity of Fertilizer Grade Ammonium Nitrate to
Explosion,” P. Macy et al.,, PATR-1658, Picatinny Arsenal, Dover, N.J.
(1947)

3) “The Dissociation Pressure and Free .Energy of Formation of Am-
monium Nitrate,” A. D. Little, Inc., J. Am. Chem. Soc. 76, (1954)

4) “On the Thermogravimetry o Analytical Precipitates,” C. Duval and
N. Xuong, Anal. Chem. Acta 6,246 (1952)

5) DTA and TCA, Ref. 33
6) Ref. 54V2, general reference
7) “Hygroscopic Properties of Sodium, Potassium and Ammonium Ni-
trates, Potassium Chlorate and Mercury Fulminate,”” G. B. Taylor and
W. C. Gope, Met. and Chem. Eng. 15,141 (1916)
8) L. Médard and M. Thomas, Mém. poudres, 35,155,160 and 172 (1953)
9) “The Cryoscopic Heat of Fusion of Ammonium Nitrate,” A. G. Keenan,
J. Phys. Chem. 60,1356 (1952)
10) “Differential Thermal Analysis of the Thermal Decomposition of Am-
monium Nitrate,” A. G. Keenan, J. Am. Chem. Seec. 77, 1379 (1955)
11) “The Dissociation Pressure and Free Energy of ‘Formation of Am-
monium Nitrate,” G. Feick, J. Am. Chem. Soc. 76,5858 (1954)
12) “Investigations onthe Explosibility of Ammonium Nitrate,” J. J. Burns
et al., Bur. of Mines, RI 4994 (1952)
13) “The Thermal Decomposition of Ammonium Nitrate. Steady State

Reaction Temperatures and Reaction Rate,” G. Feick and RM. Hainer,
J. Am. Chem. Soc. 76, 5860 (1954)
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AMMONIUM PERCHLORATE, NH (10,

Pervent Uxygen : 54.47
Speciication No.: JAN-A-1%
The specification covers two grades which differ in purity and two classes

wanich differ in granaation: grade 1is used in tracers: grade 2 is used in
HC Smoke Mixture..

Motecular Weight : . 117.50

Crystalline Form : rhambic '
Cotor : colorless

Deusity, g./ml. : . (solid) 1.95

Coetficient of Thermal Fxpansion (cubical) : B=(1/v)dV/dt

_T-cmp. °F =25 0 25 50 75 100 125 150 178

B X 10%/°F 1.690 1613 1.538 1.463 1.389 1.316 1.244 1.172 1.101

Heat of Formation, Keal./mole at 298°K : -69.42
Free Hnergy of Formation, cal./g. at 298°K : 665
Keal./mole : -78.14

Entropy : S
Melting Pomnt: decomposes above

' 423°K (150°C)
Heat of Fusion: decomposesbefore fusion
Boiling ruii : decomposes
Truusition Point: rhombic to cubic

513°K (240°C)
Ref.72 cities ato 8 at 234°C and B to y at 360°C.
See aiso Ref. 47
Heat ¢f Subiimation : -
Heat Content or Enthalpy : —_—
Heat Capacity :

Decomposition Temperature and Products : Decomposes at a maintained tem-
perature at 150°C. Decomposition products are NO; and ClO..

Decomposition begins at 130°C, becoming explosive at 380°C. The decomposi-
tion varies with the temperature. Below 300°C, decomposition is mainly
according to the equation :
4NH,Cl0,—2C1, T30, +8H,0 +2N,0

Above 350° the proportion of nitric oxide increases arid becomes appreci-
able. Above 350° the following equation represents decomposition :
10NH,Cl0,~214 Cl, + _IgN,o +214 NoC1 + HCl0, +11% HCI

+ 183, H,0 T13,N. +68/02
The activation energy for decomposition varies with temperature. The
following are several values for activation energy : 29.6 Keal./mole below

240°C and 18.9 Kcal./mole above 240°C. Between 400° and 440°C the value
1s 73.4 Kcal./mole.

For DTA see Ref. 47

Lefs.

1
1
1
1

Addnl. Ref. 4

13

20V3

14

65.
Addnl. Refs.
5,6, 7
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Ammonium Perchlorate, NH,ClO, (page 2)

Vapor Pressure :
X-Ray Crystallographic Data :

System Space Group a b ¢ Molecules/ Unit Cell
rhombic Ve 9.202 5.816 7.447 4
9.13 517 747 4
Dy 9.231 5.813 7.453 4

ity groscopicity : Gain, in mg./g, of a purified sample at equilibrium at 70°F,
after cquilibrium had been established in a vacuum desiccator:

_RH% 6 75 8 93
Gainmg./g. 0.5 0.5 0.4 0.8

Critical R.H.: 87.0% at25°C
Solubility: In water, g./100 cc. of saturated solution:

Temp.°C O 25 80 100

Sol. 12 20 39 88
Solubility in Nonaqueous Solvents at 25°C :

Solvent g./100 g. solvent
acetone 2.26
cthylacetate 0.0
cthyl alcohol 1.908
cthyl ether insol.
methyl alcohol 6.85

Health Hazard : Moderate. Irritating to skin and mucous membranes.
Evolves highly toxic fumes when heated to decomposition.
Moderately toxic on ingestion or inhalation.
Weak muscular poison; may cause convulsions. Harmful to thyroid.
Safety Classifications :
OSM : (lass I. Class IT when not packed in original containers or equiv-
alent.
ICC: Oxidizing material ; yellow label. Listed under “Explosives and
Other Dangerous Articles.™
Fire and Explosion Hazard : A powerful oxidizer, explodesviolently when heated
with sulphur, organic matter, or finely divided metals, particularly mag-
nesium and aluminum. Exploded by shock. Firmes involving ammonium
perchlorate alone may be fought with water.
Electrostatic Sensitivity :
Specific Volume :V, =a +bt + 12
where a==0.5074¢m.}/g.
b=0.819% 10¢cm./g./°F
¢==0.704x 107 cm.3/g./ (°F)?
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Addnl. Ref. 8
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Ammonium Perchlorate, NH,Cit); (page 3)

Fxplosive Data :

Sensitivity: Requires the equivalent of 10 mg. of mercury fulminate or
an XC-32. Very inscnsitive as an explosive but more aeneitive than Na, K,
and Mg perchlorates, Drop test—min, : 88 in. for an 11-lb. wt. Insensitive
to severe friction. Heating small quantities does not result in an explosion.
The temperature developed on explosion is 1308°C and the heat liberated,
344.5 cal./g.

Brisance: Trauzl lead block test, expansion in cc.: 140.2, equivalent to
ane.quarter that of 4096 N.C. dynamite.

Velocity of Detonation, in 60 inm. diameter iron tube and detonated with
five No. 8 caps* 3800 m./sec.

100°C Heal Test Vacuum Stability Test
loss first 48 hrs./¢ 0.02  cc. of gas evolved from 5g. in 40 hrs. at
loss second 48 hrs.”/ 0.00 100°C 0.13
explosion in 100 hra. none 120°C 0.20
150°C 0.32
200.Gram Bomb Wand Test, . sand crushed: 6.0
Sceusitivity tc Initiation : requires 0.25 grams of
tetryl
Explosion Temp. in 5 sec., °C: 435
Temperature of Explosion, °C: (est.) 1084
Impact Sensitivity, 2-kg. weight:
Burean of Mines app,. an. (10% point) : 67
Picatinny Arsenal app., in. (10% point) : 24
Sample weight, mg. : 24

Sensitivity to Friction : Bureau of Mines app., steel shoe; 100 triale—no explo-
sion or ignition, one snap.
Use in Pyrotechnics : as an oxidizing agent

Additional References:

1) "“The Use of Differential Thermal Analysis for Investigating the Efads
of High Energg Radiation on Crystalline Ammonium Perchlorate,” E.
Freeman and 1. Anderson, J. Phys. Chem. 63,1344 (1959)

2) "Apparaluz for Observing Physical Changes at Elevated Tempera-
tures,” V. Hogan and S. Gordon, Anal. Chem. $& 573 (1960

3) “The Thermal Decomposition of Ammonium Perchlorate,” L. Bircum-
shaw and B. Newman, Proc. Roy. Soc. A227, 115 (1954) ; also A227,228
(1955)

4) Report Q PR No. 492, Aerojet General Corporation, Sacramento, Calif.
5) L. L. Bircumshaw and T. R. Phillips, J. Chem. Soc. 2957,4741 (1957)

6) “The Crystal Structure of Ammonium Perchlorate-NH,Cl0,,” K. Ven-
Katesan, Proc. Indian Acad. Sci, 464, 134 (1957)
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ANTHRACENE, CH,(CH,),CH,
(Green oil, P-N?phthalene)

Structural Formula:

Specification No.

The specification covers a technical grade in two classes, a and b, which

differ in granulation.

JAN-A-202

Molecular Weight : 1B.2
Zrystalline Form : monoclinic
Color : colorless with violet
fluorescence

Density, g./ml. : (solid) 1.26
Coefficient of Thermal Expansion, eubical,

over the range 20-180°C:

V=V [l +a(ta-t;) + 8 (t2~t1)?]

where a= 213 X 10®and 8= 3.10 X 107
Heat of Formation, Keal./mole at 25°C at constant

pressure : 26.53
Free Energy of Formation : —_—
Entropy, cal./deg./mole at 298.1°K : 49.6
Melting Point : 490°K (217°C)
Heat of Fusion, cal. (16°/g.) at 216.55°C: 3.7
Boiling Point : 627°K (854-5°C)

339.9°C
Heat of Vaporization, Keal./mole : 13.10
Transition Point: | —
Heat of Sublimation: —_—
Heat Content or Enthalpy : —_—
Heat Capacity : —
Speciiic Heat :
Temp. °K 94.4 124.8 193.2 254.4 297.2 20-100 20-210  liquid
cal./g. 0.95 0.117 0.177 0.238 0.Z8 0.312 0.3688 0.509
Decomposition Temperature : -
Decomposition Products : —_—
Vapor Pressure :
Press. mm. 1 10 40 100 400 760 M.P.
Temp. °C  145.0 187.2 217.5 250.0 310.2 342 217.6
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Anthracene, CoH,(CH;);CoH, (page 2)

X-Ray Crystallographic Data :

Molecules/
System - Space Group a b ¢ Axial Angle Unit Cell
monoclinic Chw 8.8 6.2 11.18 B ==12b° 2
8,561 6.036 11163  8==124°42’ 2
Hygroscopicity : very slight
Solubility Data, g./100 ml. Inwater: msoluble
In alcohol at 160°C: 0.076
at 78°C: 0.83
In ether: 1.1
In CHCl;: 1.767
In CS;: 1.500
In benzene at 80°C: 75

Health Hazard: Purified white material is considered non-toxic. However, the
impure technical product may be carcinogenic because of impurities pres-
ent. Avoid repeated contact or inhalation of dusts or vapors. As a chronic
local irritantitis considered severely toxic.

Fire and Explosion Hazard: Burns when heated in air. Vapors may explode
when ignited in air. Gives of acrid fumes. Reacts with oxidizing;materials.
To fight fire, use water, foam,COs, dry chemicals, or CCl,.

Safety Classifications:

OSM : not listed

ICC : not listed

Electrostatic Sensitivity : Anthracene dust clouds can be ignited and exploded
by an electric spark.

Anthracene darkens on exposure to light.

Heat of Combustion, Kcal./mole at 20°C : 1700.4
Flash Point, °F (dosed cup) : 250
(open €up) : 385
Autoignition Temperature, °F : 881
Ref. 71 gives 472°C in air
Explosive Limits in Air, % by vol,, lower: 0.63
Use in Pyrotechnics: as afuel

Additional References:
1) J:Am.Chem. Soc. 68,2527 (1846)
2) J. Am. Chem.Soc. 7'4,1451 (1952)
3) A, Van Dussen, Ree. trav. chim. 54,873 (1935)

4) W, Klem etal., Zeit. anorg. Chem. 176,10 (1928)
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ANTIMONY SULFIDE (tri), Sb.S,

(Antimony Trisulfide, Antimony Black, Rlack Antimony,
Stibnite, Antimonite, Needle Antimony, Sulfur Gold,
Sulfuret of Antimony, Antimony Glance)

Specification No. : MILA-159

Molecular Weight : 339.72

Crystalline Form : rhombic

Color: black orred
For color changes see Ref. 54V9

Density, g./ml. : (solid) 4.64

Coefficient of Thermal Expansion : i

Heat of Formation, Kcal./mole at 25°C: (c) black, —43.6

(amor.) orange,-36.0
Free Energy of Formation, Keal./mole at 300°K

(27°C) : -66.0
Entropy, cal./deg./mole at 298.16°K : (c; 39.6
(c)30.3+40
Meiting Point : 823°K (560°C)
_ Sintersinairat440°C, meltsat 510°C
Heat of Fusion, 15° cal./g. at 540°C: 176
Boiiing Point : Volatizes above its meltingtemperature and canbe distilled with-
out decomposition

Heat of Vaporization : -
Transition Point: See Ref. 54V9

Heat of Transition, Kcal./mole : violet toblack, 4.3
orange-red toblack, 56

Heat of Sublimation, Kcal./mole at M.P. : 51.2

Sublimation Temperature, °C : 380

Heat Content or Enthalpy: _—

Heat Capacity, cal./deg./mole at 298-821°K : C,=2421t132T

Decomposition Temperature: When heated in air, above 176°C, it is slowly con-
verted to the oxide.

Decomposition Products: loses S ;takes up O
. Vapor Pressure:

Press. mm. about0.033  1.17 1345 244
Temp.*C 400 500 630 850
X-Ray Crystallographic Data :
System Space Group a b ¢ Molecules/Unit Cell

rhombic Vis 11.39 1148 3.89 4
orthorhombic Vi 1123 1131 3.84 4

Refs.

40V2
24

54V9

20V3
54V9

54V9

24, 40V2

54V9

45

44V18B

97V5



Antimony Smlfide (tai) , SboSs (page 2)
Solubility Data :

In water at 18°C: 0.175 % 10 * g./ml.
In hot water: decomposes

In alk.,, NHHS, K,S, HCl: soluble

1n acetic acid: insoluble

Health Hazard : Irritates the skin and mucous membranes. May cause gastroin-
testinal upsets. A poison with symptoms similar to arsenic. A cardiac and

nervous depressant, Antimony poisoning is detectable in the blood and by
liver functioning.

MAC. : . 05
Safety Classification :
OSM: [Inert and presents no particular Are or toxic hazard as used in
Ordnance establishments.
See also Addnl. Refs. 1 and 2

Fire and Explosion Hazard: Dangerous; when heated to decomposition or on
contact with acid or acid fumes, it emits highly toxic fumes of oxides of S
and Sb. it reacts with steam or water and produces toxic and inflammable

vapors. Reacts vigorously with oxidizing materials such as chorates or
perchiorates.
Electrostatic Sensitivity :

Use in Pyrotechnics: Antimony sulfide is used as a fuel. It imparts a pale green
color to burning compositions.

Additional References :
1) C.A.;2,1711 (1948)
2) C.A.65,9748 (1951)

12,21

14,17V7
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ASPHAT.TUM

(Gilsonite, Asphalt, Asphaltite, Earth Pitch,
Uintate or Uintahite, Mineral Rubber)

Specification No. : JAN-A-356
ioht - variable mined material,

Molecular Weight : Abous 4250

Crystalline Form: amorphous

Color: brown to black, leaves
‘brown streak

Fity, go/ml, (solid) 1.05-1.10

¢ wefficient of Thermal Expansion, cubical : 5-7 X 10

vs_at of Formation : —

Free Energy of Formation: B

Entropy :

Softening Point, specification min. : 398°K (125°C)

Heat of Fusion :

Boiling Point: < 748°K (470°C)

Transition Point :
Heat of Sublimation:

Heat Content or Enthaipy : I
Heat Capacity

——

Decomposition Temperature and'Products : May be distilled to6 about 560°F

Above this temperature an exothermic reaction takes place with the rapir'l

evolution of gaseous products. Between 475° and €50°F an oily distillat:
15 obtained.

Vapor Pressure :

X-Ray Crystallographic Data:

Hygroscopicity :

nonhygroscopic

Solubiiity Data : Insoluble in water, alcohol, acids, and alkalies. Soluble if
petroleum, ether, and acetone. The specification requires the following
CC1,—99% min., petroleum ether—30% mie. ,and CS;—99% min.

Heaith Hazard : Fumesor dust may irritate the eyes and respiratory tract.
Moderately toxic, acute or chronic irritant.

Safety Classifications :

OSM: not listed
icC: not listed
Fire and Explosion Hazard: slight
Flash Point (closed cup) °F: 400
(open cup) or: 535
Autoignition Temperature : 305

Te fight fire use form. €O, dry chemical or CCl,

30

Refs.

17v2
\ddnl Ref. 1

Addnl. Ref. 1

Addnl Ref. 1

12

Addnl. Ref. 1

29

29, 93
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Asphaltum (page 2)

Electrostatic Sensitivity :

Asphaltum is formed from petroleum as the result of heat and pressure
working over geologic time. The type of asphalt called for in the specification
is known as gilsonite or uintate and is found mainly in Utsh and Colorado.
Chemically, gilsonite consists mainly of ssturated hydrocarbons substantially
free from oxygenated bodies with little or no crystallizable paraffins. Gilsonite
is marketed in two grades known as “selects” or “firsts” and “seconds.” The
“firsts” are from the center of the vein and have a lustrous conchoidal fracture.
The “seconds” are fram near the walls of the vein and show a semiconchoidal
and semilustrous fracture. They are differentiated on the basis of softening
point and behavior in petroleum solvents, Although gilsonite is a mined product
it shows fairly uniform characteristics as follows:

Fracture : conchoidal
Luster: bright to fairly bright
Hardness on Moh’s scale: 2
Fusing point, Kramer and Sarnow
Method, °F: 250-350

Ball and Ring Method, °F : 270-400

Voiatile in 5 hrs, at 325°F, %: not less than 2
400°F, % : not lessthan 4
B00° ¥, % : nictless than §

Fixed Carbon, % 1920
Solubility in CS8,, % : greater than 98
Non-ieineral snatier, insoluble % : 0-1
Minerai matter, % : traceto
Carbenes, % 0-0.5
Soluble in 88° petroleum naphtha, % : 10-60
Hydrogen, % : 8.5-10
Sulfur, %: 0.30.5
Solid paraffines, % : O-trace
Sulfonation residue, % : 85-95
Saponifiable matter, % : trace

Minimum Encrgy Required for Ignition of Dust
Cloud by Electric Sparks, millijoules : 25
Ignition I'emperature of Dust Claud, °C: 560

Minimum Explosive Concentrationof Duet : 20mg./1. 20
, Use in Pyrotachnics: Asphaltum is used as a fucl and binder. Itmay act asa
desensitizor and wuterproofing agent.
Additicnd Boferences :

1) “Asphalts and Allicd Substances,” H. Abraham, D. Van Nostrand Co,
tne.,, Noew York (1960) .

2} ““The Science of Petroleum.” Vol. 4, A. E. Dunstan et al., eds., Oxford
'Yniversity Press, New York (1938)
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AURAMINE HYDROCHLORIDE

(4,4'-Dimethyliminobenzeneimide Hydrochloride,
4,4’-bis (Dimethylamine ) Benzhydrylideneimine Hydrochloride,
Imido-tetramethyldiamidodiphylmethane Hydrochloride,
Auramine O, C.I. 41000, C.L Basic Yellow 2)

Structural Formula : [ (CH,) sNC¢H 12 C:NH;Cl or C1:H22NsCl or

(H,C),NQ%@N(CH.),M (H,C),N @-‘c{:(:) =N(CHy)s

NH-HCIi NH, Cl
Specification No.: MIL-A-3664 (1962)
Molecular Weight : 303.84
Crystalline Form : flakes
Color: yellow
Apparent Density, g./ml. : 035 =01
Coefficient of Thermal Expansion : —=
Heat of Formation : i
Free Energy of Formation: —
Entropy :
Meiting Point : 540°K (267°C)

538°K (265°C)
Heat of Fusion :
Boiling Point :
Transition Point:
Heat of Sublimation :
Heat Content or Enthalpy :

Heat Capacity :
Decomposition Temperature :

[T

Decomposition Products: The aqueous solution decomposes at about 70°C to
NH,CI and tetramethyldisminobenzophenone (Michler's Ketone) .
The samereaction takesplace in cold dilute acid.
Increase in temperature and acidity increases the rate of hydrolysis.

Vapor Pressure : _
X-Ray Crystallographic Ded=a :

Hygroscopicity :

Solubility :
In water and alcohol: slightly soluble
In chloroform : readily soluble
In ether or pyridine;: ) almost insoluble

Hydrolized by hot water (see Decomposition Products)
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Refs.

83 (No.425),
82, 48A

88V14

88V14
Addnl. Ref. 1

52

Addnl. Ref. 2
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Auramine Hydrochloride (page 2)

Wealth Hazard : Carcinogenic an chronic exposure, moderately toxic. The spec.
requires that each container be labeled. “CAUTION : AVOID SKIN CON-
TACT. USE WITH ADEQUATE VENTIIATION. "

Safety Classifications :

OSM : notlisted

ICC: notlisted
Fire and Explosion Hazard:

Electrostatie Sensitivity :

r——

Use in Pyrotechnics: To produce yellow colored smoke.

Additional References :
1) J. Chem, Soc. 461 (1940) (also gives absorption spectra)
2) J. Am. Chem. Soc. 46, 2348 (1924) ; C.A. 18,3872 (1924)

92, 93



BARIUM CARBONATE, BaCO, Refs,
(Witherite)
Specification No. : ; JAN-B-624
Molecular Weight : ' 197.37°
Crystalline Form : (witherite, y) thombic 1
(a) hexagonal
Colur : white 1
o usity, g/ml. : (solid) 4.43 1A
(witherite) 4.29 31A
Coefficient of Thermal Expansion, cubical: - 233X B 31
(value used commercially)
Heat of Formation, Keal./mole at 298°K: (c)=291.3 1,9
Free Energy of Formation, Keal./mole, at 298°K :  (¢)-2722 1,9
Entropy, cal./deg./mole, at 298°K : (c) 26.8 379
See table below
Melting Point, at 80 atm.: 2018°K (1740°C) 1
. fuses a1 1361°C with loss 52v1
of CO,
Heat of Fusion: —
Boiling Point: decomposes at 1723°K 22
(1450°C) with loss of
CO,
Heat of Vaporization:
Transition Point: « 1079°K (806°C) g8 4
B 1241°K (968°CL’ Y
Best of Transition, cal./mole : 4490 g 730 v 4
o —_—  —
Heat of Sublimation :
HEAT CONTENT AND ENTROPY OF BaCO,(¢) 4
(Base, a—crystals at 298.15°K)
T,°K Hr —Hges 15 St~ Sz T, °K Hr —Hazus 15 Sr—Sses.1s
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 ..... 2300 6.61 1100 . . ... 27,060 39.17
500 ..... 4730 12.03 1200 ... .. 30,760 42.39
600 ... .. 7330 16.76 1241 (B) 32,270 43.62
700 . .... 10,080 21.00 1241 (y) 33,000 4421
800 ..... 12,980 2487 1300 ..... 35,240 4598
900 . .... 16,020 28.45 1400 ..... 39,040 48.79
1000 ... .. 19,190 31.79 1500 ..... 42,840 51.41
1079 (ay .. . 21,790 34.29 1600 .. ... 46,640 53.86
1079 (B) ... 26,280 38.45




Barium Carbonate, BaC0); (page 2)

BaCOy (a):
Enthalpy: Hy - Hags 15 =21.50T 4 5,53 X 10°T? +3.91 x 10°T ' - 8213
(0.5percent; 2980 ~1079°K)

Heat Capacity : C,=21.50 4+ 11.06 X 10*T =3.91 X 10°T 2

BaCO4(8) :
Enthalpy :Hr =Hyes,1s =37.00T - 13,644 (0.1percent; 1079° -=1241°K)
Heat Capacity : C, == 37.00

BaCOs(y) :
Enthalpy :Hr - Hags.1s =38.00T = 14,160(0.1 percent ;1241 —1600°K)
Heat Capacity :C, = 38.00

Decomposition Products:

For pyrolysis seeRef. 45 and Addnl. Ref. 1
Decomposition Products: Ba0 tco, .
Dissociation Pressure :

Press, mm, O 5 45 120 240 340 450 675 760

Temp. °C 997 1017 1057 1097 1137 1157 1177 1197 1200

For Dissociation Pressure see also Addnl. Ref. 3

Calculated Dissociation Pressures to BaO F G0, above 1079°K are given by
log Py, = 13,075+ 7.668
T

Vapor Pressure of CO, at 1100°C: 20 mm.
At 1600°C the loss of CO; is complete
See also Addnl. Ref. 2

X-Ray Crystallographic Data :

System Space Group a b c Molecules/Unit Cell
rhombic Vi 529 8.8 641 4
Hygroscopicity :
Solubility Data: In 100 ml. water: a=0.002g. at20°C

0.006¢, at 100°C
8 =0.0022g at18°C
0.0065¢. at 100°C

In acids, NH,Cl: soluble
In alcohol: msoluble

Health Hazard : Poisonous. Irritates mucous membranes. It produces dermatitis
and causes hemorrhages in the gastrointestinal tract and kidneys.
M.A.C., mg./m3: 0.5

86
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Barium Carbonate, BaCOy (page 3)

Safety Classifications :

OSM: ; . not listed
ICC : not listed
Fire and Explosion Hazard: none listed

Electrostatic Sensitivity :

Use in Pyrotechnics : BaCO, is used as a retardant. It imparts some green color
toaburning composition.

Additional References :

1) “Differential Thermal Analysis Studies of Ceramic Materials : Char-
acteristic Heat Effects of Some Carbonates,” M. Gruver, J. Am. Ceram.
Soc. 83,96 (1950)

2) G. Tammann and W.Pape, Zeit. anorg. Chem. 127, 50 (1923)

3) “Experimental Heat Contents of SrO, BaO, Ca0, BaCO, and SrCO, at
High Temperatures. Dissociation Pressures of BaCO; and SrCO,,”" J. J.
Lander, J. Am. Chém. Soc. 73, 5794 (1951)
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BARIUM CHLORATE, Ba(Cl0,),

Percent Oxygen : 31.55
Specification No. : not listed
. Molecular Weight: 304.27
Crystalline Form :
Color : colorless
Density, g./ml, : (solid) 3.856 at 24°C
Coefficient of Thermal Expansion : —_
Heat of Formation, Kcal./mole at 298°K: (c)-181.7
Free Energy of Formation, Kcal./mole at 298°K: (¢)-133.1
Entropy, cal./deg./mole at 298°K : 53.7
Melting Point;

Heat of Fusion:

Boiling Point :

Transition Point:

Heat of Sublimation :

Heat Content or Enthalpy:

Heat Capacity of Ba (C10,)2* H;0, cal,/deg./mole :
C, == 50.6 (289-320°K)

Decomposition Temperature : Decomposition starts at about 300°C.
For DTA see Ref. 33

Decomposition Products: Ba (Cl04)z + 20,
Vapor Pressure;

»
=9
| S

s

X-Kay Crystdographic Data for Ba (Cl0;)2*H;0 :

Molecules/
System  SpaceGroup a b ¢  Azxial Angle -UnitCell
monoclinic Ct 88 7.80 9.3 g=94°+1%° . 4
See also Addnl. Ref. 1
Hygroscopicity : —
Solubility Data : .
B water (g./100 g. solvent) : 20.35 at0°C

84.8at 80°C

Health Hazard : Poisonous when taken by mouth, Very toxic in contact with the
skin, when inhaled as a dust, or when ingested.
M.A.C.,mg./m.? 05

Safety Classifications

OSM : Class 1,in original container or equivalent. Class 2, not in origina
container or cquivalent,

ICC: Oxidizing material, yellow label. Listed under Explosives anc
Other Dangerous Articles.

M.C.A. : Warning label required.
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Barium Chlorate, Ba(Cl0y); (page 2)

Fire and Explosion Hazard: Considered more dangerousto store than KCIO,.
Should be stored away from flammable materials because of possible fire
and explosion.

Electrostatic Sensitivity : J—
Ignition Temperature, °C : (5 second point) 506
Activation Energy, Keal./mole : 457

Use.in Pyrotechnics:
To impart a green color to burning compositions, and as an oxidizing agent.

Additional References :
1) “Determination of the Structure of Metallic Chlorates by Infrared

Spectroscopy,” T. Dupuis, Compt. rend. 242, 2922 (1956). C. A. 50,

15,236 (1956)
2) “Unit Cell and Space Croup of Barium Chlorate Monohydrate,” G.
Kartha, Current Science (India) £0, 151 (1951). C. A. 46,4312 (1952)

38
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BARIUM CHLORIDE, BaCl,
Specification No. : not listed
Molecular Weigrht: 208.27
. Crystailine Form : monoclinic
Color : colorless
Density, g./ml. : (solid) 3.856 at24°C
Density of Molten BaCl;
Temp. °C 964 975 1025 1050 1085 1100
Density 3.057 3.052 3.015 3.108 3.087 3.076

For the temp. range 964°-1100°C the density is given by the formula

Dt = 3.02~0.00070 (t-1000)

Note: See refs. for additional density formulas

Cocfficient of Thermal Expansion, cubic,
20-170°C :

Heat of Formation, Kcal./mole at 298°K :
Free Energy of Formation, Keal./mole at298°K :
Entropy, cal.zdeg./mole at 298°K :

Meiting Point, °K :

Heat of Fusion, Keal./molz at 12835°K :
Boiling Feing, °C :

Hcat of Vaporization, Kceal./mole:

Transition Foini, monssiinic (a) to cubie g:

Hear of Suntumation, Keal./mole:
Heat Content or Enthalpy:
Heat Cdpau .y, eal./deg./mole:
C,==17.00 4 334 w 10T (estd., 298-1198°I\)

Decoraposition Temperatin2: None up to 1000°C
{max. experimental temp.)

Decomposition Products:
Vapor Pressure (liquid BaCly) :

60 x 10-¢
(e) ~205.66
{c)-193.8
30

1235

54

1560

50.0

57

1198°K
920-9230°C
57

(solid) 18.0 at 25°C

760

Tross, mm.  about 0.7 4.4 6.2 8.5
Temp. °K 12429 1435.2 1465.9 1486.7 1835
X-Ray Crystallographic Data -
Molecules/
System Space Group a b ¢ Unit Cell
BaCl, orthorhombic Vie 9.333 7.822 4.705 1
fé}l{"?u it O vbhombiye n'ﬂg 4.51 9.02 11.28
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1A
1A
1A

44530

44330
1A,6
1A, 9
14,9

9, 24A
14, 31A

24A
41

14,9.6
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33

44824

[ 18, 96, Addul
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Barium Chloride, BaCl; (page 2)
i i

Hygroscopicity : slight 44530
Solubility Data : _

In H,;0,g./100 ml. : 31 at0°C 31A

59 at100°C

In HCI, HNO,: slidhtly soluble

In alcohol: insoluble
Health Hazard:

Extremely toxic. Fatal dose 0.8 to 0.9 g. 29
Safety Classifications:

OSM : not listed

ICC: not listed
Fire and Explosion Hazard: none listed
Electrostatic Sensitivity: —— ,
Use in Pyrotechnics: BaCl, results framthe burning of some barium compounds

in the presence of chlorine compounds.
Additional References :

1) C.A. 44, 897 (1950)



BARIUM CHROMATE, BaCrO,

(Lemon Chrome, Ultramarine Yellow, Baryta Yellow Gelbin)

Percent Oxygen : 25.26
Specification No.: MIL-B-550

The specification covers two grades; grade A is for use in delay and non-
gaseous powder, grade B for use in pyrotechnic mixtures.

Molecular Weight : 253.37
Crystalline Form: rhombic
Color : yellow
Density, g./ml. : 4.4%8

Cocfficient of Thermal Expansion (calculated from lattice constants), linear :

Temp. Range °C  10-70 70-130 130-190  190-250 10-250

Coeft. X 105 1.75 1.73 1.57 1.65 167
Heat of Formation, Kcal.,/mole at 298°K : (¢)-341.3
Free Energy of Formation, Kcal./mole at 298°K: -315.96
Entropy, cal./deg./mole at 298°K : 347
Melting Point : decomposes (seebelow)
Heat of Fusion: decomposes (see below)
Boiling Point : decomposes (see below)

Transition Point : —
Heat of Sublimation : —_—

Heat Content or Enthalpy : —_—

Heat Capacity : —

Decomposition Temperature and Products : When heated, starts to lose weight
at about 60°C. On further heating very slowly loses weight even up to

1015°C, at which point it is 2 mixture of the yellow chromate and green
chromite. Even at this temperature the loss 1s Iess than 1%.

Vapor Pressurc: —_
X-Ray Crystallographic Data : -

Hygroscopicity : Gain in weight () at 70°F of specification grade A material

Exposure Relative Humidity, %
hrs. 52 75.8 90
24 0.06 0.05 0.25
48 0.06 0.06 0.27
72 0.06 0.06 0.27
144 0.06 0.09 0.28
168 0.06 0.09 0.28
Solubility Data : In water, 2./100g. : 0.000341¢° and 0.0004428°
In ‘mineral acids: soluble

41
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1
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1
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Barium Chromate, BaCrO, (page 2)

Heaith Hazard : Poisonous. Has a corrosive action on the skin and mucous mem-
branes. Produces dermatitis.

The specification requires that all containers be marked with the following

precautionary marking : “AVOID INHALATION OF DUST. AVOID
PROLONGED OR REPEATED CONTACT WITH SKIN.”

& MA.C. (asCr0,) foran8-hr.day: 0.1mg./m.?
Safety Classification :
OSM : class2
ICC : _—
UN. : poisonous (toxic)

Fire and Explosion Hezard : Emits highly toxic fumes when heated. An oxidant
which reacts vigorously with reducing materials.
Electrostatic Sensitivity : -

Use in Pyrotechnies: Barium chromate is used as an oxidizing agent, and to
impart a green color to a burning ¢composition,

Additional References :
1) S. Peltier and C. Duval, Anal. Chim. Acta 1, 361 (1947)
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BARIUM NITRATE, Ba(NO,), Refs.
(Nitrobarite)
Percent Oxygen : 36.73
Specification No. : MIL-B-162B
The specification covers six classes that differ in purity and granulation.
The following four classes are used in pyrotechnics:
Class 1, used in priming compositions (in two granulations) ;
2, used in photoflash compositions;
5, used in incendiary mixtures;
6, used in pyrotechnic compositions.
Molecular Weight : 261.38
Crystalline Form : cubic 1
Color: colorless 1
Density, g./ml. : (solid) 3.24 at23°C 1
Coefficient of Thermal Expansion,
linear, —78° to +15°C - 5% 108 44830 sup
Heat of Formation, Keal./mole at 298°K: -237.06 1,9
Free Energy of Formation, Kcal./mvle at 298°K; - 190.0 9
Entropy, cal./deg./mole at 298°K : 51.1 9
HEAT CONTENT AND ENTROPY OF Ba(NO,);(c) 4
(Base crystals at 298.15°K; mol. wt., 261.38)
T,°K Hr-Hzs.1s Sy -Sze6.15 T,°K Hr —Hase.15 Sr—Szee.1s
cal./mole cal./deg, cal./mole cal./deg.
mole mole
400 . ... 3960 11.39 700 . ... 18,460 38.14
500 .. .. 8410 21.30 800 .... 24,070 45.62
600 . ... 13,240 30.10 850 . ... 27,020 49.20
Ba(NO,).(c):
Enthalpy : Hy~Haes15=230.05T T 17.85% 10Tz +4.01 x 10°T* - 11,891
(0.27 percent ; 298° —850°K})
Heat Capacity :C, = 30.05 35,70 X 10T - 4.01 x 10T 2
Melting Point : 868°K 7,9
Heat of Fusion, Kcal./mole: 6 9
Boiling Point : decomposes 1
Transition.Point : _—
Heat of Sublimation : —_
Heat Capacity, cal./deg./mole at 298°K: (solid) 3.1 9

See equation under table above




Barium Nitrate, Ba(NOS), (page 2)

Decomposition Temperature : 555-600°C
For DTA sce Refs. 33 and 47
For TAG see Kef. 33

Decomposition Products : evolves NO; and O
Vapor Pressure : —

X-Ray Crystallographic Data :

System Space Group a Molecules/ Unit Cell
cubic T} 8.1 4
Hygroscopicity : L _
Gain in mg./g. at equilibrium atR.T. : purified <0.1 at756% and
86% R.H.
0.6 at 93% R.H.
Solubility Data :
In water (g./100 g.) at°C : 8.7 at20° ;34.2at100°
In acids: slightly soluble
In alcohol, conc. nitric acid : msoluble

Health Hazard : Moderately poisonous. Irritates eyes, ears, nose, throat, and
skin ;produces dermatitis. When heated evolves toxic fumes. Produces gas-
trointestinal irritation.

M.A.C. 0.5
Safety Classifications :
OSM : Class 1when packed or shipped in original containers or equivalent.
ICC: Oxidizing material ;
yellow label

Fire and Explosion Hazard : By itself the fire hazard is moderate. As a strong

oxidizing agent it reacts vigorously when heated with reducing materials
and may even result in detonation.

Electrostatic Sensitivity :

—

Use in Pyrotechnics: Barium nitrate is used as an oxidizer, and to impart a
green color to burning compositions.

Storage: Keep barium nitrate in a moisture-proof container in a dry place to
prevent caking.

Additional References :
1) C.A. 49,12932 (1955)
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BARIUM' OXALATE, BaC.0,

Specificatran No. :

. Molecular Weight:

Crystalline Form :

Color:

Density, g./ml. :

Coedicient of Thermal Expansion :

Heat of Formation, Keal./mole at
18°C(c) BaC;04:
25°C (c) BvaOv%H;O N
18°C (ppt) B30204°H;O:
256°C BSCQO('ZH;O :
25°C BaC,0,+3.5H,0:

Free Energy of Formation:

Entropy :

Melting Point:

Heat of Fusion:

Boding Point:

Heat of Vaporization:

Transition Point:

Heat of Sublimation:

Heat Content or Enthalpy:

Heat Capacity :

Decomposition Temperature :

Decomposition Products :

Vapor Pressure :

X-Kay Crystallographic Data:
Hygroscopicity :

Solubility Data: In water, g./ml. solvent:

In acids, NH,Cl:

JAN-B-660
225.38

colorless
(solid) 2.658

327.6
363.7
-397.37
—470.1
-575.73

loses CO above 346°C

co +Baco,

——

0.0098at 18°C
0.0228 at 100°C
soluble
insoluble.

Health Hazard: Poisonous. Irritates cyes, nose, throat, and skin. Produces

In alcohol:
dermatitis.
Safety Classifications:
OSM:
I1CC:
U.N. :

45

not specifically mentioned
not specifically mentioned
class 6 (a)—poisonous

toxic substance

Refs.

Addnl. Ref. 1
1

1
9
9
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Barium Oxalate, BaC;0, (page 2)

Fire and Explosion Hazard : Dangerous when heated to decomposition; emits | 12
toxic {umes,

cpe s !
Electrostaiic Seusitivity :

Use in Pyrotcchnics: As a retardant. Imparts some green color to burning | 17
compositions.

i
Additional Rceferences : . :

1) L. Médard, Mém. artillerie frang, £8, 467 (1954)
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BARIUM OXIDE. BaO Refs.
{ Barinimn Moiroxide. Baryta. Barium Protoxide, Calcined Baryta) 1,00, 12,29
Spuatication No. : —
Molecular Weight : 153.36
Crystalline Form: cubic or hexagonal 1
Color : colorless
Deusity, g./ml.: (solid) 5.72 (hex) 5.2 1
Coefficient of Thermal Expansion : 3.0X% I 47
Heat of Formation, Keal./mole at 298°K: (c) -133.4 1,9
Free Energy of Formation, Kcal./mole at 298°K: (c)-126.3 1,9
a. HEAT AND FREE ENERGY OF FORMATION OF BaO(c) 2
(Mol. wt., 153.36)
T,°K a H (cal./mole) 2 F° (cal./mole)
29816 . . . —133,500( =+ 3000) -126,500( = 3500)
400 . ... -133,000 -124,000
B33 .. .. -133,000 -121,500
600 ... . -133,000 ' -119,500
648 .. .. -132,500 ~11§,500
648 .. .. -133,000 -118,500
00 . ... -132,500 -117,000
800 . ... -132,500 -115,000
900 . ... -132,500 -113,000
977 ... -132,000 -111,000
977 .. .. -134,500 -111,000
1000 . ... -134,500 -110,500
1100 . ... -184,000 ~108,000
1200 . ... -134,000 -106,000
1300 . ... -133,500 -103,500
1400 . ... -133,500 -101,500
1500 . . . . ~133,000 —99,000“-'§~
1600 . ... -133,000 -96,500
1700 . ... -132,500 -94,500
1800 . ... -132,500 -92,000
1200 .... -132,000 -90,000
1911 . ... ~132,000 -90,000
1911 ... . -167,500 -90,000
2000 . ... -167,000 -86,000
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Rarium Oxide, BaO (page 2)

Phase Changes of Metal
T.P.(a=+8), 648°K
A H=140cal./g.-atom

M. Y. 977°K ;A H=2250cal./g.-atom
B. P, 1911°K; A H==135,660cal./g.-atom

Free Energy Equations :

. eaction Range of Validity,°K | 2
1) Ba («) % 0, (g) =Ba0 (¢) 298.16 to 648
AF2 =-134,590-7.60T logT + 87 (10T2) + 42 (105T1) +45.76T
2) Ba (8) T140; (g) =Ba0 (o) 648 to 977
AFS =-134,140- 3.34T log T - .56 (10-*T2) 42 (105T-1) +34.01T
3) Ba (1) T14 0, (g) = Ba0 (c) 977 to 1911
A Fo= - 135,900~ 2.19T log T~ .56 (10-*T?) *+ 42 (108T-1) +32.37T
4) Ba (g) 1140, (g) =BaO (¢) 1911 to 2000
A F2 == - 176,400-8.01T log T - .56 (10-8T2) + .42 (106T-1) +72.66T
Entropy, cal./deg./mole at 298°K : (solid) 16.8 % .03 1,3,9
(gas) 559 = .5 3
See Tables b and ¢
Melting Point : 2190°K (1917°C) 9
Heat of Fusion, Kcal./mole : 13.8 =20 24
Boiling Point: about 2273°K (2000°C) 1
Transition Point : —_—
Heat of Sublimation, cal./mole : 90.0 24
b. HEAT CONTENT AND ENTROPY OF BaO (c) 4
(Base, crystals at 293.15°K; mol. wt, 153.36)
T,°K Hy-Haes1s Sr—Spee.15 T, °K Hr-Hzes.15 Sx~ Sgea.15
cal./mol e cal./deg. cal./mole cal./deg.
mole mole
400 .. ... 1170 3.36 1300 ... ., 13,090 18.77
500 ..... 2880 6.07 1400 ... .. 14,520 19.83
600 . .... 3660 8.40 1500 .. ... 15,970 20.83
7700 ... .. 4980 10.43 1600 ... .. 17,440 21.78
800 ..... 6300 12.20 1700 .. ... 18,920 22.67
90 ..... 7620 13.75 1800 ... .. 20,420 23.53
1000 .. ... 8950 15.15 1900 ..... 21,930 24.35
1100 ... .. 10,300 16.44 2000 .. ... 23,450 25.13
1200 .. ... 11,680 17.64
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Barium Oxide, BaQ (page 3)

BaO (c) : 4
Entnaipy 1Hy— Hapets == 11.79T +0.94 X 10*T? +0.88 X 10°T " -3894
(0.5 percent ;298° =2000°K)

Heat Capacity :C, =11.79 T 188X 10T -0.88 X 10°T

¢. HEAT CONTENT AND ENTROPY OF BaO (g) 4
(Base,idcal gas at 298.15°K; mol. wt., 153.36)
T, °K Hz~ Hoga.16 Sr —Ssee.13 T,°K Hy— Hepe1s Sr—-S208.15
cal./mole cal./deg. cal/mole cal./deg.
mole mole
400 ... ... 820 2.36 1000 . .. .. 5985 1021
500...... 1650 421 1200 . .... 7750 11.82
600 ... ... 2500 5.76 1400 .. ... 9520 13.18
700 . .. ... 3365 710 1600 ... .. 11,295 1437
800 ...... 4235 8.26 1800 ... .. 13,075 15.42
800 . ... .. 5910 9.29 2000 ... .. 14,855 16.35
BaO (g) :
Enthalpy : Hy —Hase.1s =8.621' 1010 x 10°T2 +0,67 x 10°T-1 - 2804 4

(0.3 percent ; 298° =2000°K)
Heat Capacity :C, = 8.62 0,20 X 10T =067 x 108T 2

Decomposition Temperature : ) When_heated in air at 450°C, it combines 29
}Wlth O and forms BaQ,. On further heating
Decomposition Products : above 600°C, BaO, loses 0 and reforms BaO.
Vapor Pressure : 0.00076 mm. at 1650°K 41
For the range 900-1200°C : log P == (19400/T +8.69) Addnl. Ref. 1

X-Kay Crystallographic Data :

System Space Group a Molecules/Unit Cell | 1

cubic ] 5.50 4

Hygroscopicity: Absorbs water with formation of Ba (OH), with evolution of | 29
much heat.

Absorbs moisture and CO; on exposure to air and forms BaCQs.
Caution : Keep in tightly closed container,

Solubility Data: In water: 1.5 g./ml,, decomposes 1
908 g./100 ml. at 80°C
Indil. acids, alcohol : soluble 29
In CH,0H, C.HsOH: slowly soluble
In NH,, acetic acid: insoluble

Health Hazard :Poisonous. Irritates eyes, cars, nose, throat, and skin. Produces | 12, 29, 50V7
del:{né.tltls. Gastrointestinal irritant: 05 .
AC: , 1
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Barium Oxide, BaO (page 4)
Safety Classifications:

OSM : not specifically listed
ICC: not specifically listed
U.N.: classified under “Poison-

ous (toxic) substances.”

Fire and Explosion Hazard : Produces considerable heat on contact with water
or stesm. Sare hazard by chemical reaction.

Electrostatic Sensitivity :

Use in P)(flrotechnics: BaO is a product of the burning of many barium com-
pounds.

Additional References:
1) C.A.52,3446 (1958)

12



BARIUM PERCHLORATE, Ba(ClO,). Refs.

Percent OUxygen : 38.06

Specification No. : -—

.Molecuiar Weight : 336.27

Crystalline Form : hexagonal

Color: . colorless .

Density, g./ml. : (solid) (3H,0) 2.74 :9

Coeflicient of Thermal Expansion : _—

Heat of Formation, Kcal./mole at 298°K: (c) -192.8 L9

Free Energy of Formation: —_

Entropy, cal./deg./mole at 298.16°K : 57.7 16

Melting Point: 687°K (414°C) L
778°K (506°C) 35

Heat of Fusion :
Boiling Point: decoméjoses at 673°K 12
(400°C)

decom(g)oses above 798°K adddnl, Ref 1
(520°C)

Heat of Vaporization :

Transition Points : ato B at 557°K (284°C) 2
B toyat 638°K (360°C)

Heat of Sublimation :
Heat Content or Enthalpy:
Heat Capacity :

]

Decomposition Temperature : vigorous decomposition 47
at 504°C
Decomposition Products : BaCl; and O, Addnl. Ref. 1

For DTA and TGA sce Ref. 33
Vapor Pressure : —_

X-Ray Crystallographic Data :

System SpaceGroup  a b ¢ Molecules/Unit Cell | 1
rhombic Vie 529 8838 641 4
Hygroscopicity : o
Solubility Data : In water, g./100 ml. : 198.5 at 25°; very sol. hot | 65
Solubility in Nonaqueous Solvents, at 25°C: 65, 77
Solvent 9./100 g. solvent
acetone 124.7
n-butyl alcohol 58.18
cthyl acectate 112.9
furfural (at 20°C) 43
methyl alcohol 217.1
n-propyl alcohol 75.65
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Barium Perchlorate, Ba(Cl0,); (page 2)

Health Hazard: Ba(ClQ,): is poisonous, irritates the cyes, nose, throat, and
produces dermatitis. [t may affect the central nervous system and kidneys.

Its harmful effects are mainly due to the barium ion. Gastrointestinal
irritant. .

Caution: Avoid skin contact.
MAC. : 0.5

Safety Classifications:

OSM: C(lass 1.Class 2 when not packed in original shipping container or
¢quivalent.

ICC: Oxidizing material, yellow label. Listed under “Explosives and
Other Dangerous Articles.”

Fire and Explosion Hazard :Ba (C10,) 2 is dangerous because it may be exploded
by shock, heat, or chemical reaction. It forms explosive mixtures with
carbonaccous material, S, powdered Mg, and AL It emits highly toxic
fumes when heated. Fires involving perchlorates alonemay be fought with
wartcr.

Electrostatic Sensitivity :

Used in Pyrotechnics: Ba(ClO4): is used as an oxidizer, and to give a green
color to burning compositions.

Additional References :
" 1) C.A.51,2439 (1957)

b,

b2

12, 26, 29,
50VT

65
14

12, 14
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BARIUM PEROXXDE, BaO,

(Barium Dicxide, Barium Superoxide, Barium Binoxide)

Percent Oxygen : 18.89

Specification No.: JAN-B-153 (1)
The specification covers one grade and three classes that differ in granu-
lation,

Molecular Weight : 169.36

Crystalline Form : powder

Color: white to grey

Density, g./mi. : (solid) 4.9

Coefficient of Thermal Expansion: —_

Heat of Formation, Kcal./mole at 298°K: -150.5

Free Energy of Formation:

HEAT AND FREE ENERGY OF FORMATION OF BaO; (c¢)
(Mol. wt., 169.36)

T, °K A H (cal./mole) A F° (cal. /mole)
29816 .. -153,000 (= 6000) —140,500 ( == 6000)
400 . ... -153,000 -136,500

500 .... -152,500 -132,000

600 . ... -152,000 —128,000

643 . . .. -152,000 -126,500

648 .. .. -152,000 —126,500

70 ... -152,000 —124,000

800 . ... -151,500 -120,500

90 .... -151,000 -116,500

i S -151,000 -118,500

9T ... -153,000 -113,500
000 ... . -153,000 -112,500
1100 .. .. -152,500 -108,500
1200 . ... -152,500 -104,500

1300 . . .. -152,000 -100,500
1400 .. .. -151,500 -96,500

1600 . ... -151,000 -92.500

Phase Changes of Metal
T.P. (a=+g), 648°K;
A H =140cal./g.-atom
M.P.,977°K ; A H=2250cal./g.-atom

63

Refs.
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Barium Peroxide, BaQ. (page 2)

Free. Energy Equations:
Reaction Range of Validity,"K

1) Ba(a) +0:(g) -=Ba0,(c) 298.16 to 64_?_

AFS ==-154830-11.06T log T +.87 (10*#T?) +.42 (108T 1) T74.48T
2) Ba(g) T0.(g) =Ba0,(c) 648 1o 9]

A Fg ==-154380-679T log T —.56 (10-3T2) + 42 (105T-1) +62.73T
3) Ba(l) T0.(g) =—BaO,(c) 977 to 1509

A Fg ==-156,140-5.64T log T-.56 (10-°T2) + 42 (105T-') +61.092

Entrupy, cal./deg./mole at 298°K : (c) 18.6

Melting Point: 723°K (450°C)

Heat of Fusion, Kcal./mole : 57

Boiling Point : loses Oat 1073°K (800°C)

decomposes at 1110°K
(837°C) at 1atm.
Transition Point :

Heat of Sublimation :
Heat Content or Enthalpy :
Hest Capacity:

See Ref. 2
Decomposition Temperature, °C: 800

For DTA see Kef 33
Decomposition Products : BaO +0
Vapor Pressure :

Dissociation Press. : 760 mm, at795°C
Press. atm. 0.0149 0.0861 0.1855 0.945 1.220 1.534
Temp. °K 891.1 970.1 1010.1 1108.1 1126.1 1141.1
X-Ray Crystallographic Data :

System Space Group a c Molecules/Unit Cell

tetragonal 0 534 6.77

Di 539 6.85 4

Hygroscopicity : Slowly decomposes in air and on contact with water. Combines
with water to form BaO,+8H,0 . . .
Gain in mg./g. at R'T. after equil. was established in vac. desic.

Reagent Grade:

R.H.% 65 75 86 93

24 hrs. 0.6 6.0 28.7 48.0

Equil. 10 8.6 73.1 126.0

Solubility Data: In cold water: very soluble
In hot water: decomposes
In dilute acids: soluble; with decomposi-
tion forming H,0,

In acetone: insoluble

54
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Addnl. Refs.
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Barium Pecoxide, Ba0),; (page 3)

. Health-Hazard: BaQ, is poisonous. 1t irritates the eyes, nose, and throat, and
produces dermatitis. Gastrointestinal irritant.
M.A.C.: 0.5

Saféty Classifications :

OUSM : Cllas 1 Class 2 when not packed in original containers or equiv-
alent.

ICC: .Oxidizing material; yellow label
Fire and Explosion Hazard: As an oxidizer it is dangerous when heated with

reducing material ; may result in detonation.
Electrostatic Sensitivity :

Use in Pyrotechnics: BaO: is used as an oxidizer and to impart a green color
to burning compositions. It is used in igniter and tracer compositions.

Additional References :

1) “The Decomposition of Barium Peroxide and the Reactivity of the
Resulting Barium Oxide,” J. A. Hedvall, Zeit. anorg. Chem. 104, 163
(1918) ; J. Chem. Soc. Abstracts 1919 4, 26

2) “Kinetics of the dissociation of Ba and Ca peroxides,” M. M. Pavlyu.
chenco and Yu 8. Rubinchik, CA. 52, 19362 (1958)

3) “Heating curves for the hydrates of the peroxides of the Group 1I
metais,” 1. I. Vol’'nov, CA. 62, 19384 (1958)
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BENZANTHRONE, C,H,,0

(7-oxo-7-benz(d,e ) anthraquinone, 7-H-benz(d,e)anthracene-7-one,
7.ineso-benzanthrone, Benzan B, Research Vat Golden Yellow GK)

Structural Formula :

Specification No. :
The specification requires :

Molecular Weight :
Crystalline Form :
From alcohol or benzene :
from nitrobenzene :
Coior.
Density, g./ml. :

Coefficient of Thermal Expansion :

Heat of Formation:
Free Encrgy:
Entropy:

Melting Point :

Heat of Fusion:

Boiling Point :

Transition Point:

Heat of Sublimation :

Heat Content or Enthalpy :
Heat Capacity :

Decomposition Temperature, °C :

486

For DTA and TGA see Refs. 80 and 81

Decomposition Products:
Vapor Pressure:

il
(/]

MIL-B-50074

purity —minimum 77 %
water —maximum 1%
230.25

orthorhombic
needles

pale yellow
(solid) 1.371

447°K (174°C)
446.1°K (173.1°C)

about 426° (see below)

Press. mm. 1 10

40

100 200

Temp. °C  225.0 297.2

350.0

390 426.5 with decompn

Refs.

1
Addnl. Ref. 3

Addnl. Ref. 3

1
Addnl, Ref. 1



Benzanihrone (page 2)

X-Ray Crystailographic Data: Molecules/
Syais it Space Group a b ¢ Unit Cell
orthornomic D4 14.57 15.00 5.07

For bond lengths see Addnl, Ref. 2

Hygroscopicity : —_—
Soiubility Data: at 20°C per 100 g. solvent,
wiacial acetic acid: 0.52
benzene: 0.61
chlorhenzene : 2.05

In tetrachlorethane :

soluble
in con. HgSQ,:

soluble, giving an orange-

red color with an olive-

green fluorescence

In toluene : soluble

Health Hazard: Some, as indicated by the ﬁ: requirement that “each con-
tainer shall be conspicuously labe¢led - ‘CAUTION—AVOID SKIN CON-
TACT ; USE WITH ADEQUATE VENTILATION.” -

Fire and Explosion Hazard: slight when heated;

emits smoke

Safety Ciassifications :
OSM:
iCa:

Eleccrostatic Sensitivity :

not listed
not listed

Use in Pyrofechnics: To produce a yellow color in smoke grenades.

Additional References :

1) “Freezin% Point and Purity Data for Some Organic Compounds,” C.
R. Witschonke, Anal. Chem. 26, 563 (1954)

2) “Calculated Bond Lengths in Some Cyclic Compounds. Part II. Ben.

zanthrone, Acedianthrone, and Flavanthrone,” T. H. Goodwin, J. Chem,
Soe. 1955,1689

3) “Cell Dimensions and Space Groups of Some Carbocyclic Compounds,”
H. C. Bayd et al., Acta Cryst. 7,142 (1954)

b7

18V 111,
Addnl. Ref. 3

89Vi4
88VT7I1
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BLACK POWDER
(Gunpowder)

Biack powder s an intimate mechanical mixture of potassium or sodium
nitrate, charcoal, and sulfur. Willow or alder charcoal and flour of sulfur and
2-3¢ of water arc well mixed in a tumbling barrel. This mixture is trans-
ferred to & wheel mill arid the desired amount of crystalline potassium nitrate
and scveral percent of water are added. The mill is run for several hours to
obtain a uniform mixture. During mixing the mixture is kept damp by the addi-
tion of water. The mixture is pressed at about 6000 psi and then broken up by
passing between rolls. Broken pieces are screened into sizes and material of
undesired size is reconsolidated and passed through rolls and screened. Material
of acceptable size is then thoroughly dried in hot air ovens at about 60°C. The
material may be polished before drying by rotating it in a tumbling barrel.
After tumbling, the black powder is sieved and the fines removed.

Black powder is sensitive to friction, heat, and impact, and is very danger-
ous to hancﬁe. It absorbs moisture and deteriorates rapidly. If kept dry, it will
retain its properties indefinitely. Combustible materials that have absorbed
liquors leached from black powder are a severe fire hazard and may become

explosive. Every safety precaution should be taken in black powder manufac-
ture and operations.

Black puwder has a composition close to the stoichiometric proportions
needed to satisfy the equation:

2KNO; T 5 4- 3C—K,$ + 3C0, TN,
{1 practice, the proportions may be varied slightiy,

Formuia (specification) : KNO;, 74.0%

S, 10.4%

charcoal, 15.6%
specification No. : JAN-P-223A

(all seven grades listed in the specification are used'in pyrotechnics)

Crystailine Form : mechanical mixture
Color : black
Density, g./ml.: approx. 1.6, variable de-

pending mainly on condi-
tions of preparation

Decomposition Temperature : Exothermal preignition reaction starts at about
250°C and culminates at approximately 300°C (DTA and TGA curves).

Decomposition Products: o
Hygroscopicity : Black powder is aﬁpreciably hygroscopic and is prepared and

kept under conditions of low humidity so that its properties will not be
adversely affected.

Temp.°C RH. % Gain %

26 75 0.75
25 90 1.0
30 90 2.51

58

Refs.

13, 50Vé

14, 18

13

Addnl. Ref. 4
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Black Powder (page 2)

. Explosion pata:

Specitic Volume at S.T.P,, L./kg. 285 (11.0 gas)

Kxpiosion Temperature, vC: 2770

tieat of Explosion, Keal./kg. ; , 685 (H,0 liquid)
Characteristic Product (VoQ) : 195,200

The equation for the burning of black powder has been given as approxi-
matelty :

74KNO, +956C +308 +16H,0—35N, +56C0, +14C0 +3CH, +2H,S
+ 4H. 4+ 19K,CO, +7K,S0, T 8K,S.0, +2K,S + 2KsCN + (NH,). CO,
+C+ 8
For other equations see Ref. 54V2
Health Hazard : none mentioned
Safeg' Classifications : .
SM: Class 9 (in charges or containers)

ICC: Class A explosive, not accepted for railway express. Black powder
igniters with empty cartridge bags, classified class C explosives.

Fire and Explosion Hazard : Black powder can be detonated by friction, heat,
arid impact.
Electrostatic*Sensitivity : unconfined > 125 joules
energy required to ignition: confined 0.8 joules
Impact Sensitivity, 2kg. weight fallingon 16mg. sample : .
Bureau of Mines Apparatus, c¢m.32 (10% Point)
P.A. Apparatus, in. 16 (10% Point)
Initiating Efficiency (min.wt. in grams required to initiate B.P.):
tgniter Composition K-31: 2.0
Igniter Coniposition K-29: 23
Friction Pendulum Test:
Steel shoe: snaps
Fibre shoe: unaffected

Explosion Temperature Test: (0.02 g. sample in No. 6 copper detonating cap)
Seconds Temp. °C
0.1 (nocapused) 510
1 490

5 427 ignited
10 356
.76% International Heat Test:
Loss in 48 hrs,, weight %: 0.31
Vacuum Stability Tests, ce./hrs. on 5 g. sample:  100°C, 0.5
120°C, 0.9

Sand Test, with 200 g. bomb and 0.4 g. sample of black powder:
Grams sand crushed to pass 30-meshscreen :
Sensitivity : tetryl, 0.25 g.

Ballistic Mortar, % of TNT: 50

59

Addnl. Ref.5

50V6

14

Addnl. Ref. 6

Following
dataonthis
page from 13



Black Powider (‘page 3)

Trauzl Test, ¢« of TNT: 10
Detonation Rate, meters/sec. at density 1.6: 100
Heat of Explosion, cal./g.: 684
Gas Volume on Explosion, cc./g. 27
Method of Loading : 1) loose (granulated)

2) pressed

Loading Density, g./cc. inthousands of psi:
psi 25 50 60 65 7 75
Density 174 184 186 1.87 188 1.8?__

Method of Storage : dry

100° Vacuum Stability Test, cc. gas/40 hrs. from a 5 g. sample:
Initial value : 0.5 .
After 2 years at 65°C: 0.86
After 2ycarsat65°Cand 75% R.H. : 1.46

Compatibility with metals:

Dry-compatible with all metals when moisture content is less than 0.2%,

Wet— attacks all common metals except stainless steel.
" Destruction :

Black powder may be completely destroyed by leaching or washing with
large quantities of water and disposing of the washings separatelv from

the residue.

Use in Pyrotechnics: Black powder is used as an igniter powder, and in time

rings (fuzes), fireworks, rockets, Roman candles, and firecrackers.

Additional References :

1) “Initiation, Burning and Thermal Decomposition of Gungowder,” J.

Blackwood and F. Bowden, Proc. Roy. Soc. 213, 285 (1952

2) “Chemistry of Powder and Explosives,” T. L. Davis, John Wiley &

Sons, Inc., New York (1943)
3) Refs 52V4 and 54V2

4) “A Thermoanalytical Study of the Ignition and Combustion of Black
Powder,” C. Campbell and G. Weingarten, Trans. Faraday Soc. 35,

2221 (1959)

H) “Explosives,” H. Brunswig, John Wilcy & Sons, Inc., New York (1912)
6) “Sensitivity of Explosives to Initiation by Electrostatic Discharges,”

F. W. Brown et al., U.S. Dept. of Interior, Burcau of Mines, R.I.
(1946)
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BORON, B

Specification No. :
Moiecular Weight :

PAPD-451
10.82

Crystalline Form : monoclinic crystals or 1
amorphous powder
Color : yellow or brown 1
Density, g./ml.: () 2.3 (amor.) 2.37 1A
2.3 31Aa
Coefficient of Thermal Expansion
" linear, 20-750°C ' 17.4 X 10" per °C 27
Heat of Formation, Kcal./mole at298°K : (gas) 97.2 1,9
Free Energy of Formation, Kcal./mole at 298°K : (gas) 86.7 1,9
Entropy, Keal./mole at 298°K : (¢) 1.4 5
(gas-monatomic)
36.66 5
See Table a
Melting Point: 2313°K (2037 +'37°C) 31A
Heat of Fusion, ¢al./mole: 5300 5
Boiling Point : 4198°K (39275°C) 31A
Heat of Vaporization, cal./mole : 128,000 5
Transition Point : _—
Heat of Sublimation, cal./mole at 298°K: 141,000 5
Heat Content or Enthalpy, cal./mole at 298°K: 292 5
See Tables a and b
Heat Capacity, cal./deg./mole at 298°K : solid) 2.63 5.9
liquid) 7.5
gas) 4,97
See equations under Tables a and b
a HEAT CONTENT AND ENTROPY OF B(c, 1) 4
(Base erystals at 298.15°K ;atomic wt. 10.82)
T,°K Hy —Haeais Sr-Sa0a.1s T,°K Hy —Haen1s St =Ses.1n
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 ... .. 30 0.89 170 ..... 7765 8.6L
500 ... .. 690 1.5 1800 ... .. 8460 9.00
600 ..... 112D 2.82 1900 ... .. 9165 9.3
700 ... .. 1600 3.26 2000 ..... 9880 °.®
800 ..... 212D 3.% 2100 .. ... 10,605 10.10
900 ..... 267'0 4.8 200 ..... 11,340 10.45
1000 . .. .. 045 5.20 2300 (c) 12,080 10.78
1100 ... .. 3845 5.78 2300 (1) 17,380 13.08
1200 .. ... 4465 6.31 2400 ..... 18,130 13.40
1300 .. ... 5100 6.8 2600 ..... 19,630 14.00
1400 ... .. 5750 7.30 2800 ..... 21,130 14.55
1500 . .... 6410 7.76 3000 ..... 22,630 15.07
1600 . . ... 7080 8.19




Boron, B (page 2)
B(c):
Enthalpy: Hr - Haes 15 =4.13T F0.83 X 10-*T2 + 1.76 % 105T * - 1895
(2.1percent ;298° —2300°K)
Heat Capacity : G, == 4.13 1 1.66 X 10*T - 1.76 % 10°T 2
B():
Enthalpy : Hr = Hygs 15 ==7.50T F 130 (0.1percent; 2300° - 3000°K )

T,°K Hr— Has,15 St~ Soan.15 T, °K Hy -Hps.15 S+ —Saoss
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 ... ... 350 1.00 900 ... 3160 5.40
500 ... ... 785 1.97 1000 .. ... 3840 612
600...... 1295 290 1100 . .... 4535 6.78
700 ...... 1870 378 1200 ..... 5255 740
200 ...... 2500 462
B(amor.) :

Enthalpy: He—Haes 15 = 3.34T 1 1.98 % 10-8T2 1,48 % 10°T-1 - 1668
(1.1 percent ;298° —=1200°K)
Hieat Capacity :C, = 3.34 +3.96 % 10-*T - 1.48 X 10%T-3

c. HEAT CAPACITY OF B
(Solid to 2300°K ;liquid from 2300° to 3000°K)

T,°K Cy (cal./degi/mole)
298 263
400 346
800 5.36
1200 6.27
1600 6.78
2000 7.20
2200 740
23003000 7.50

Decomposition Temperature : —_
Decomposition Products : —_

Vapor Pressure : 56
Press. mm. 108 10 104 10-2 1 102 760 M.P.
Temp.°K 1650 1850 2100 2430 2930 3730 4200 2300
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Boron, B (page 3)

&Ray Crystallographic Deda :

System Space Group a c Molecules/ Unit Cell
tetragonal D3, or C§, 8.73A 6.03 50
hexagonal 11.98 9.54 180

See also Ref, 44818 sup
Hygroscopicity : —_—
Solubility Data: In water: insoluble (sli%htly soluble
when freshly prepared)
In HNQ,, H,S0,: soluble
In ale,, eth., alk.: insoluble

Health Hazard: Boron is not highly toxic but it i8 a cumulative poison which
affects the central nervous system.

Safety Classification:
OSM : Class 2 when not packed in original containers or equivalent.

Fire and Explosion Hazard : Boron dust is dangerous a8 it can ignite on contac!
with air and explode. It reacts with oxidizing agents and is a dangerou
fire and explosion hazard. It bums with intense heat. In the presence of
moisture hydrogen may be evolved. Therefore B should be stored in a dr}
atmoaphere and in a properly vented building. Use only nonsparkmig tool:
around B. To fight a fire use no water; use powdered graphite, dolomite
salt, or other inert material. At about 600° it ignites and bums with 1
brilliant green dame.

Electrostatic Sensitivity —_—

Use in Pyrotechnics: Boron is used as a component of non-gascous fuz
powders.

Additional References :

1) “Boron,” J. A. Kohn et al., eds., Plenum Press, Inc., New York (1960)
Proceedings of the Conference on Boron, sponsored by the Institute fo
Exploratory Research, The U.S. Am% Signal Research and Develop
ment Laboratory, Fart Monmouth, N.J.

18
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CALCIUM, Cx | Refs
Specification No. : 12086 A (tech.)
Molecular Weight : 40.08
Cr}istall1nc Form : cubic 1
silvery w te }th{l first 29
cut; tarnis uc-grey
on exposure to air
Density, g./m ésolidf 1.55 1
Coeff1c1ent of Thermal Expansion, linear, 0-300° : 22 x 10-¢ 36
cublc 0-21°: 717 10¢
Heat of Formation, Keal./mole at 298°K : (gas) 42.200 5
Free Energy of Formation, Kcal./mole at 298°K: (gas)34.138 5
1, /mole, 98°K : (¢) 9.95 = .10 3,6
Entropy, cal./deg./mole, at 298 s} 36.99 5
See Tables a, b, and ¢
Melting Point: 1123°K (850°C) 4,5
Heat of Fusion, cal./mole: 2070 + 80 4,5
Boiling Point; 1765°K (1492°C) 5
Heat of Vaporization, cal./mole : 35,840 5
Transition Point : ato 8 T13°K (440°C) 4.5
Heat of Transition, cal./mole : 270 4
Heat of Sublimation, cal./mole, at 298°K: 42.200 5
Heat Content or Enthalpy, cal./mole at 298°K : (did) 1380 5
See Tables a, b, and ¢
Heat Capacity, cal./deg./mole at 298°K: (solid) 6.0 - 4,5
See data below (liquid) 7.40
(gas) 49‘1
a. HEAT CONTENT AND ENTROPY OF Ca(c, l)
(Base, «—crystals at 298.15°K; atomic wt., 40.08) .
T, °K Hr-Haos.1s Se~Szn1s T.°K Hy—Hopa1s Sr—S2a.15
cal./mole cal./deg. ' cal./mole cal./deg.
mole : mole
400 . . ... 660 1.90 1123 (8) . . . 6825 10.39
500 .. ... 1340 342 123 (1) ... 8895 12,23
600 ... .. 2055 4.72 1200 .. ... 9465 12.72
700 .. ... 2800 5.87 1300 ..... 10,205 13.31
713 (a) . .. 2900 6.01 1400 ... .. 10,945 13.86
713 (B) . .. 3170 6.39 1500 ..... 11,685 14.37
800 ..... 3850 . 7.29 . 1600 ..... 12,425 14.85
900 ..... 4690 8.28 1700 .. ... 13,165 15.30
1000 . .... 5605 924 1800 ..... . 13,905 15.72
1100 ... .. 6590 10.18




Calcium, Ca (page 2)

Ca(a):
Enthalpy :Hr = Haps 15 ==5.25T + 1.72 X 10-T? — 1718 (0.3percent; 298° -713°K)
Heat Capacity :C, = 5.25 + 8.44 X 10°T

Ca(p):
Enthalpy - Hx— Hoes1s == 2.68T + 3.40 X 10-¥T% — 472 (0.1percent;713° =1123°K)
Heat Capacity :C,= 2.68 + 6.80 X 10T '

Ca(l) :
Enthalpy - Hy= Haes,15 = 7.40T + 585 (0.1percent ;1123° - 1800°K)

b. HEAT CONTENT AND ENTROPY OF Ca(g) 4
(Base, ideal gas at 298.15°K ; atomic wt., 40.08)
T, °K He~Haois Sy~ Suem.15 T,°K Hr-Haes1s St~ S208.15
cal./mole cal./deg. cal./mole cal./deg.

* mole mole
T400 L. ... 505 1.46 1900 . .... 7965 .21
560 . .... 1005 2.57 2000 .. ... 8465 9.46
600 ..... 1500 3.48 2200 .. ... 9470 9.4
|3 ... .. 1995 4.24 2400 .. ... 10,490 10.39
800 ..... 2495 4.90 2600 . . ... 11,535 10.80
920 ..... 2990 5.49 2800 ..... 12,615 11.20
1600 . .... 3490 6.01 3000 ..... 13,745 11.59
1100 .. ... 3985 6.49 3500 .. ... 16,880 12.56
1200 ... .. 4480 6.92 4000 . .... 20,670 13.57
1300 ..... 4980 7.32 4500 .. ... 25,250 14.64
1400 . .... 5475 7.69 5000 ..... 30,685 15.79
1500 ..... 5975 8.03 6000 ..... 43,870 18.18
1600 . . ... 6470 8.35 7000 ..... 59,365 20.57
1700 ... .. 6970 8.65 8000 ..... 76,140 2.81

1800 ... .. 7465 8.91

Ca(g):

Enthalpy: Hy - Haes 14 = 4.97T - 1482 (0.1percent; 298° - 2500°K)
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Calcium, Ca (page 3)
c. HEAT CAPACITY OF Ca

Solid I from 298° - 713°K Liquid from 1123° - 1765°K
Solid IT from 713° —1123°K Gas (mon) from 1765° —3000°K
T °K C3 (cal./deg./mole) T,°K C? (cal./deg./mole)
298 6.30 1200to
400 6.64 1700 7.40
600 7.3 1800 4.9
700 7.64 2200 5.06
800 8.08 2600 5.3
200 8.78 3000 5.80
1000 9.49
1100 10.18 !
Decompafition Temperature : : —
Decomposition Products : DTA
Vapor Pressure:
Press. ¥ 7. 10 40 100 400 760 M.P.
Temp. °C 983 1111 1207 1388 1487 851
X-Ray Crystallographic Data : )
Syst Space Group a Atoms/Unit Cell
dubic. (0} 5.5 4

Hygroscopicity : Reacts with water' (much slower than does sodium) to form
Ca(OH): and hydrogen.

Solubility Data: In water: reacts to form Ca(OH):
and hydrogen
In acids: soluble
In alcohol: - slightly soluble, with

which it reacts slowly
In benzene, liquid NHs, kerosene : insoluble
Health Hazard : caustic to all tissues

S afegfs I\C,Ill_assiﬁcations :

not listed
1CC not listed
UN. : not listed

Fire and Explosion Hazard. The powdered Metal exposed to air is a dangerou:
fire hazard. It burns with intense heat and a crimson flame. When com
pounded with oxidizing agents the powdered metal is both a dangerous fi
and explosion hazard. It 1s a strong reducing agent. Contact with alkali hy
droxides or carbonates may cause detonation. Precautions should be take
to prevent water from contacting the material. Store and process it onl
in rooms or buildings adequately vented at the highest point to preven
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Calcium, Ca (page 4)

accumulation of evolved hydrogen gas which results from the reaction of
powdered metal and moisture. In the repair or maintenance of buildings
or equipment, powder or dust should be removed and non-sparking tools
used. CCl, should not be used near calcium as an explosion may occur.
Electrostatic Sensitivity :

Use in Pyrotechnics: As a fuel and to impart a crimson color to burning com-
positions.

Additional References:

1; Ref.
2) C.A. 37,2578 (1942)

Addnl. Ref. 2



CALCIUM CARBONATE, CaCO, Refs.
(Marble, Precipitated Chalk, Whiting, White Chalk, Prepared Chalk, | 1,11, 29
Calcite, Drop Chalk, Paris White, English White, Iceland Spar)
Specification No. : JAN-C-293
Molecular Weight : 100.09
Crystalline Form : (aragonite) thombic 1
(calcite) hexagonal
Color: colorless 1
Density, g./ml. : aragonite) 2.93 1
calcite) 2.711
CoefTicient of Thermal Expansion,
cubical, marble : 0.6 X 104 1
Iceland Spar 50-60°C : 0 1447 X 10+ 1
calcite, linear — parallel to axis, 0-85°C : 25.14 % 10¢ 1
perpendicular to axis, 0-85°C : 5.88 x 10°¢
Heat of Formation, Kcal./mole at 298°K : aragonite (¢)-288.49 1,9
calcite (¢)-288.45
Free Energy of Formation, Kcal./mole at 298°K: aragonite (c) -269.53 1,9
calcite (¢)-269.78
Eutropy, cal./deg./mole at 298°K : (aragonite) 222 = 0.3 3
(calcite) 22.2+02 3
See Tables a and b
Meiting Point: (ara%onlte) about 1098°K | 1
(at 102.5 atm.) (calcne) 1612°K
(1339°C)
Heat of Fusion, 15°g. cal./mole : 12,700 7
Boiling Point : P
Transition Point : R
Heat of Sublimation :
Heat Content or Enthalpy: sec below
a. HEAT CONTENT AND ENTROPY OF CaCO; (CALCITE) 4
(Base, crystals at 298.15°K; mol. wt., 100.09)
T, °K Hr - Huggs St~ Saey,15 T,°K Hr —Hyps.15 Sr=Su6.15
cal./mole cal./deg. cal./mole cal./deg,
mole mole
400 . .. ... 2220 6.38 900 ..... 15,500 27.61
500.. .. .. 4610 11.71 1000 ... .. 18,430 30.70
600 . ..... 7200 16.13 1100 ... .. 21,450 33.58
700.. . ... 9890 20.57 1200 ..... 24,550 36.27
800 . ..... 12,600 24,27




Calcium Carbonate (page 2)

CaCOy (calcite) :

Enthaipy : H - Hegy. 15 = 24.98T +2.62 X 10-3T2? +6.20 x 10°T * -9760
(0.3 percent; 298° ~ 1200°K)

Heat Capacity :C,== 24.98+ 5.24 X 10T =6.20 x 10°T *

T,°K Hy-Hags.1s Sy~ S20s.15 T,°K Hr—Hags.15 St —Sues.15
cal./mole cal./deg. cal./mole cal./deg.
mole mole
350 . ..... 1050 3.24 500 ...... 4400 11.27
400...... 2130 6.13 550 ... ... 5650 13.58
450 . .. . .. 3260 8.79 600 ... L. 6900 15.75

CaCO; (aragonite) :

Enthalpy :Hr — Haes.15 ==20.13T +5.12 % 10872 +334 X 105T-1 - 7577
{0.1 percent ; 298° —600°K)

Heat Capacity :C, =20.13 +20.24 x 10-9T - 3.34 X 105T-2

Heat Capacity, cal./deg./mole : aragonite) 19.42 9
calcite)  19.57
Decomposition Temperature : about 825°C

S. Peltier and C. Duval, Anal. Chim. Acta 1, 345-347 (1947) states that
CaCO; Eoses CO, at 660°C and changes to CaO. See also Addnl. Ref. 1.

Decomposition Products : ca0 *co, 54V3
For Dissociation Pressure see Ref. 54V3
log Puw, =11,855/T -5.388log T + 26.238 42V7
Vapor Pressure : -
X-Ray Crystallographic Data : 1
Space Axial Molecules/
System roup  a b ¢ Angle Unit Cell
aragonite: rhomb. Vie 494 794 572 4
calcite : rhbdr. D& 6.361 a==46°6 2
Hygroscopicity :
Solubility Data: In water: insoluble 29
In water saturated with CO, : slilghtly soluble
In dilute acids: SO élgle with evolution of
2
Health Hazard : Large doses may cause constipation 29
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Calcium Carbonate (page 3)

Safety Classifications:

OSM : not listed

ICC: not listed

U.N. not listed
Fire and Explosion Hazard: none
Electrostatic Sensitivity : —

Use in Pyrotechnics : CaCOs is used as a retardant and antacid. it imparts a
yellow-red color to burning compositions.

Additional References :

1) “leferentlalThermal Ana sisStudies of Ceram1cMater1als 1, Char-
acteristic Heat Effeds ome Carbonates”, R. M, Gruver,j Am.

Ceram. Soc. 33, 96 (1950)
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CALCIUM NITRATE, Ca (NO,). Lefs.
(Lime Saltpeter, Lime Nitrate, Nitro Calcite, Norway Saltpeter) 1,11.16
Percent Oxygen: 58.50
Specification No. : none
Molecular Weight : 163.10
Crystalline Form : cubic 1
Color: colorless 1
Density, g./ml. : (solid) 2.36 1
Coefficient of Thermal Expansion : —_—
Heat of Formation, Kcal./mole at 298°K: (¢)-224.0 1,9
Free Energy of Formation, Keal./moleat 298°K : (c)-177.34 1.
Entropy, cal./deg./mole at 298°K : 46.2 .49
See table below
Melting Point: 834°K (561°C) 77?9
Heat of Fusion, Kcal./mole : 5.1 9
Boiling Point: decomposes 1
Heat or' Vaporization : -
Transition Point:  —
Heat of Sublimation : —_—
HEAT CONTENT AND ENTROPY OF Ca(No;)z(c) 4
(Base,crystals at 298.15°K; mol. wt., 164.10) ]
T, °K He--Hyain S =Supais T,°K Hr —Hapg15 St —Suor. s
cal./mole cal./deg. cal./mole cal./deg.
mole mole
400 . ... .. 3960 11.42 700 . ..... 18,410 38.01
500 8340 21.15 800 ... .. 23,970 45.43
600 .. .... 13,150 2991
Ca(NO3)(c):
Enthalpy :Hy =Hue iz == 29.37T T 18.40 x 10-3T2 4- 4.13 X 10°T!
- 11,778 (0.3 percent; 298° — 800°K)
Heat Capacity: C, =29.37 + 36.80 % 103T —4.13 x 10°T *
Heat Capacity, cal./deg./mole : N\ (solid) 35.69 9

See also equation immediately above

Decomposition Temperature :

Decomposition Products:
For DTA and TGA see Refs. 33 and 47

Vapor Pressure :

480-500°C

Addni. Ref. 1




Calcium Nitrate, Ca(NQy), (page 2)
X-Ray Crystallographic Data :

System Space Group a Molecules/Unit Cell
cubic T 7.60 4
Hygroscopicity : Deliquesces in moist air. Keep 1n tightly closed container.
Solubility Data: In water, g./100 ml. at °C: 102at0°, 341 at25°,
376 at 100°
In acids: very soluble
In cthyl, acetate, and alcohol : soluble

Health Hazard : Large amounts taken internally are poisonous.

Safety Classifications :
: Class 1

ICC : Listed under “Explosives and Other Dangerous Articles.” Oxidizing
material ; yellow label.

Fire and Explosion Hazard : Ca(NQs), may explode when shocked, or by heat,
flame, or chemical reaction. It is a strong oxidizing agent and reacts vigor-
ously with oxidizable materials. Ca(NO,), emits toxic fumes on decompo-
sition.

Electrostatic Sensitivity :

Use in Pyrotechnics : Ca(NOs); is used as an oxidizer and to impart a yellow-
red color to burning compositions.

Additional References :
1) C.A. 49, 12932 (1955)
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CALCIUM OXALATE, CaC,0,°H,O

(Monohydrate)

" Specification No.: JAN-C-628
Molecular Weight : 146.12
Crystalline Form : monoclinic
Color : colorless
Density, g./ml. : (solid) 2.2
Coefficient of Thermal Expansion : —

Heat of Formation, Kcal./mole at 298°K : -399.1
Free Energy of Formation, Kcal./mole at 298°K: -360.6
Entropy, cal./deg./mole at 298°K : 37.28
Melting Point: loses H,O at

473° K (200°C)
Heat of Fusion:
Boiling Point :
Transition Point:
Heat of Sublimation :
Heat Content or Enthalpy :
Heat Capacity, cal./deg./mole : (solid) 36.40
Decomposition Temperature : TGA

T

See pyrolysis curve below
Decomposition Products : Calcium carbonate, calcium oxide.
See pyrolysis curve below
Dissociation Pressure for CaC,0; :
T°C P, TeC P,
378 82 410 20.0

388 80.0 416 587.0
403 134.0 418 684.0

X-Ray Crystallographic Data :

System Space Group  a ¢ Molecules/Unit Cell
214 H,0 tetragonal Ca 12.32 7.3l
3H.0 Can 12376 1.377 4

Hygroscopicity :

Soiubility Data:
In water, acetic acid, and alcohol : insoluble
inaeids: soluble

Health Hazuard : Corrosive and produces local irritation. Has a caustic effect o1
mouth, esophagus. and stomach. Can cause severe damage to kidneys.
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Calcium Oxalate, CaC,0,+H,;0 (page 2)

Safety Classifications:

12

Addnl. Ref. 1

OSM : not listed

ICC: not listed
Firs and Explosion Hazard: Can be dangerous when heated to decomposition

because of toxic fumes.
Electrostatic Sensitivity : S
Pyrolysis Curves of Calcium Oxalate, Carbonate, and Oxide
0.63¢g T

ION
1 L
226° 346°
]:50 mg
420° 660°
840° 980¢

Temperature °C

Use in Pyrotechnics: As a retardant and to impart a pink color to burning
compositions.

Additional References :

1) “On the Thermogravimetry of Analytical Precipitates,” S. Peltier and
C. Duval, Anal. Chim. Acta 1,347 (1947)

2) E. S Freeman and B. Carroll, J. Phys. Chem. 65,394 (1958)
3) Nature 178,324 (1956)

4) “Anhydrous Calcium Oxalate as a Weighing Form for Calcium,” C. C.
Miller, Analyst 78, 186 (1953)

5) C.A. 47, 5756 (1953)
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CALCIUM OXIDE, CaO Refs.
(Lime, Burmt Lime, Fat Lime, Quick Lime, Calx, Calcia)
Specification No. : -
Molecular Weight : 56.08
Crystalline Form: cubic 1
Color : . colorless 1
Density, g./ml. : 3.346 1
Coefficient of Thermal Expansion, cubical : 5.0 X 107 31
Heat of Formation, Kcal./mole at 298°K: (¢©y-1519 9
See Table a
Free Energy of Formation, Keal./mole at 298°K: (c)-144.4 9
See Table a
a. HEAT AND FREE ENERGY OF FORMATION OF CaO{c) 2
T,°K H (cal./mole) F° (cal./mole)
29816 . ... -150,650 ( =+ 400) -143250 (% 6500)
400 . . ... ~150,600 ~140,600
500 ..... ~-150,500 -138,250
600 ..... -150,450 s -135,800
673 . .... -150,400 -134,000
673 ..... -150,500 -134,000
700 ..., -150,450 -133,350
800 ..... -150,400 -130,900
900 .. ... ~150,300 128,500
1000 ..... -150,250 -126,050
1100 ..., -150,200 -123,600
1124 .. ... -150,200 -123,050
1124 .. ... 152,450 -123,060
1200 .. ... -152,350 -121,050
1300 ..... -152,200 -118,450
1400 .. ... -152,100 . -115,850
1500 ..... -151,950 -113,300
1600 .. ... -151,800 -110,700
1700 ..... -151,650 -108,150
1760 .. ... -151,550 -106,650
1760 . ... . -188,150 -106,660
1800 ..... -188,000 -104,800
1900 ... .. -187,550 -100,200
2000 ..... 187,150 -95,550
Phase Changes of Metal
T.P.;678°K ;A H==115cal./g.-atom
M.P, 1124°K ;2 H =2280 cal./g.-atom
B.P., 1760°K; A H = 36,600.cal./g.-atom
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Calcium Oxide, Cal) (page 2)

Free Energy Equations : 2
Reaction Range of Validity,°K
1) Ca(a) +14 0, (g) ==Ca0 (c) 298.16to 673
AF2 =-151,850-6.56T log T +1.46 x 10*T2 +0.68 x 105T1 +43.931"
2) Ca (B) 1140, (g) =CaO (c¢) 673to 1124
A Fg = -151,730-4.14T log T +0.41 x 10*T2 +0.68 X 10°T-! 4+ 37.63T
3) Ca(l) 140, (g) =Ca0 (e) . 11240 1760
A F2 =-153,480-1.36T log T =0.29 X 10-°T2 +0.68 x 105T-t +31.49T
4) Ca (g) +1£0; (g) =Ca0 (¢) 1760 to 2000
A F2=-194,670-718T log T-0.29 X 10*T2 +0.68 X 10Tt 4-73.84T
Entropy, cal./deg./mole at 298°K : (¢) 9.5 9
(gas) 52.3 9
See Table b
b. HEAT CONTENT AND ENTROPY OF CaO (c)
(Base, crystals at 298.15°K) 4
T, °K H: —Hes.1s St —S29s.18 T, °K Hy —Hags 15 Sr—Sz26.18
cal./mole cal./deg, cal/mole cal./deg.
mole mole
430 .. ... 1100 3.17 1300 .. ... 12,110 17.38
50 ... .. 2230 5.69 1400 ..... 13,430 18.36
600 . .... 3400 7.82 1500 ..... 14,760 19.28
0 .. ... 4600 9.67 1600 ..... 16,100 20.14
800 .. ... 5820 11.30 1700 ... .. 17,440 20.96
90 ..... 7040 12.73 1800 . .... 18,780 21.72
1000 .. ... 8270 14.03 1900 .. ... 20,130 22.45
1160 .. ... 9520 15.22 2000 ..... 21,480 23.15
1200 ... .. 10.800 16.34
CaO(e) :
Enthalpy :Hr = Hage 15=11,67T +0.54 X 10°T2 +1.56 X 10°T-* - 4051
(0.3 percent ;298 -2000°K)
Heat Capacity: C,= 11.67 +1.08 X 10-3T - 1.56 x 105T-2
4
T,°K Hr - Hzga1n St - Sz08.15 T,°K Hz —Hzos.18 St —Sze.1s
cal./mole cal./deg, cal./mole cal./deg.
mole mole
400 . .. .. 825 2.38 1000 . .. .. 6005 10.25
500 ..... 1665 4.25 1200 ..... 7775 11.87
600 ..... 2515 5.80 1400 ..... 9545 13.23
700 . .... 3380 7.13 1600 .. ... 11,325 14.42
800 ..... 4250 8.30 1800 ... .. 13,115 15.47
900 .. ... 5125 9.33 2000 .. ... 14.910 16.42
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Calcium Oxide, CsO (page 3)

Ca0O(g) :
Enthalpy: He =Hggsas == 8.70T F0.08 x 10*T* +0.74 X 10°T 1 - 284y
(0.2percent ; 298° - 2000°K)

Heat Capacity :C, ==& 0+ 0.16 X 10-3T - 0.74 X 10°T-2

Melting Point : 2843°K (2570°C)
Heat-of Fusion, Keal./mole : 12
Boiling Point: 3123°K (2850°C)

Heat of Vaporization : —
Transitioa Point : S
Heat of Sublimation : e

Heat Capacity, cal./deg./mole : (solid) 10.23
See also equations under Tables b and ¢
Decomposition Temperature and Produets : —

Dissociation Pressure :10g 10Pmm, = 2.74/104T +997 (overthe
temperature range, 1600-1750°K)
See also Refs. 42V7 and 44B2 for additional values
X-Ray Crystallographic Data :
System Spac& Group
h

a
cubic 4.797

Hygroscopicity : Very hygroscopic. Combines with water to form Ca (OH}.
Keep containersdry and tightly closed.
Solubility Data : In water, 0.131 at10°C :

Moleculesi Unit Cell

0.07 at 80°C : reactsto form Ca (OH)
Inacids, glycerol : soluble
In alcohol : insoluble

Health Hazard: Caustic reaction on skin and respiratory system. The dust is
an industrial hazard. Causes dermatitis. Treat with large quantities of

water.

Safety Classifications :
OSM : not. listed
I1CC: not listed
U.N.: corrosive

Fire and Explosion Hazard : Slightly dangerous. Produces heat on contact with
water, steam, acids, or acid fumeés.

Blectrostatic Sensitivity:

Use in Pyrotechnics: Calcium oxide is a product of high temperature burning
of calcium and many of its compounds.

Additional References :
1) Ref. 64

2j "Vapor Pressure Determination of Ba0, 8rO and Ca0, and Their Mix-
tures from Measurements of the Rate of Evaporation,'" A. Claassen and
C. Veenemans, Zeit. Physik §0, 342 (1933); cited by Ref. 65

M

51A

Addnl. Ref. 2

—

12, 25, 29
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CALCIUM PERCHLORATE (ANHYDROUS) , ca(ClO,).

Percent Oxygen : 53.56
Specification No. : —_—
Molecular Weight : 238.99
Crystalline Form : cubic
Color : colorless

Density, g./ml. :
Coefficient of Thermal Expansion : —_

Heat of Formation, Kcal./mole at 298°K: (estd.) -178
Free Energy of Formation: S—

Entropy :

Melting Point : 396°K (123°C)
Heat of Fusion : -

Bailing Point': decomposes

Values in the literature range from less than 573°K (300°C)
to about 683°K (410°C)
Trausition Point: o
Heat of Sublimation : e
Heax Content or Enthalpy: -

Heat Capacity: _—
Decomposition Temperature : bubbling slight at 2568°C,
vigorous at 285°C
DTA and TGA, see Refs. 33, 47
Decomposition Products : CaCl, +0, with traces of
Cao and Clg

Vapor Pressure : —_—
X-Ray Crystallographic Deta for Ca{ClO4)2*3H,0 :

System Space Group a c Molecules/Unit Cell
hexagonal Ciy 7.71 5.42 2
Hygroscopicity : . deliquescent
Solubility Data : Inwater : 188.6g2./100 g, at 25°C

very 8oluble in hot water
Solubility in Organic Solvents at 25°C :

Solvent g./100 g. solvent
acetone 6al.76

ethyl acetate 113.5

ethyl alcohol 166.2

ethyl ether 0.26
methyl alcohol 237.4
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Refs.
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65
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Addnl. Ref. 1
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Glcium Perchlorate (Anhydrous), Ca(C10,), (page 2)

Health Hazard: CaClO, is a moderate irritant to the skin and mucous mem-
branes. Avoid contact with. skin. A weak muscular poison. It is not cumu-
lative and not reduced in the body.

Safety Classifications:

OSM: (ass 1. Class 2 when not packed in original containers or equiv-
alent.

ICC: Oxidizing material; yellow label. Listad under “Explosives and
Other Dangerous Articles.”

Fire and Explosion Hazard: CaClO, is a powerful oxidizer. It may cause fireg
or explosions when shocked or heated or by chemical action with reducing
substances such &s carbonaceous materials. It forms explosive.mixtures

with sulphur, powdered magnesium, and aluminum. It also emits highly
toxic fumes when heated.
Electrostatic Sensitivity : —_—

Use in Pyrotechnics: CaClO; is used a8 an oxidizer and to impart a yellow-red
color o burning compositions.

Additional References:
i) C.A.51,2439 (1957)

79

12, 66

12



CALCIUM PHOSPHIDE, Ca,P,
(Photophor)
Specification No.: MII-C-3539

The specification covers two types: Type A, uncoated, and Type B, coated
with K.Cr,0,. Both types are in the form of solid sticks or lumps 14 to 1in.
in diameter. The types differ in their rate of ‘reaction with water. When
immersed in sea water, T}f/[pe A shall immediately produce a vigorous reac-
tion with astrong bright flame while Type B is required to give a maximum
evolution of smoke and flames at approximately 15 min. af%er contact with
the’water. The two types also evolve different amounts of gas for equal

masses.

Molecular Weight : 182.20
Crystalline Form : 1 cubic

Color : redish-brown,

Density, g./ml. :
Coefficient of Thermal Expansion :

Heat of Formation, Kcal./mole at 298°K :

Free Energy of Formation :
Entropy :

Melting Point :

Heat of Fusion:

Boiling Point:

Transition Point :

Heat of Sublimation :

Heat Content or Enthalpy:
Heat Capacity :

ademaiens |

(solid) 251 at 15°C
(¢)-120.5

e

about 1873°K (1600°C)

[T

Decomposition Temperature: Can be heated to 1250°C without decomposing
but reacts with moist air. Reacts in air about 300°C and becomes incan-

descent.
Decomposition Products :

Vapor Pressure :
X-Ray Crystallographic Data :

Hygroscopicity : Decomposed on contact with water, evolving spontancously

flammable phosphine.

Solubility Data :In water :
In acids:

In alcohol, ether, benzene :

see Hygroscopicity above
soluble
insoluble

Health Hazard : Dangerous, due to reactivity with water which evolves severely

toxic phosphine.
Safety Classifications :
OSM :

not listed

ICC: Flammable solid ;vellow label. Listed under “Explosives and Othei

Dangerous Materials.”

Refs.

Addnl. Ref. 2
Addnl. Ref. 2
3A
L9

1,29 |

Addnl. Ref. 1,
54V8

29, Spec.

12, 93



Caleium Phosphide, Cs:P; (page 2)

Fire and Explosion Hazard : Liableto spontaneous combustion. Dangerous when
heated as it emits highly toxic fumes of oxides of phosphorus. May explode
when heated by a flare.See Hygroscopicity.

Caution: Keep dry and tightly closed (for this reason it is packaged in
soldered tins). Under these conditions no gas should be evolved.

Electrostatic Sensitivity : _—

Use in Pyrotechnics: As afuel and to impart ayellow-red color to burning com-
positions or to produce smoke and flame.

Additional References :

1) “Phosphorus and Its Cangpourds, "'by V. Wazer, Interscience Publishers,
Inc., New York (1958)

2) M. V. Stackelbergand R. Paulus, Zeit. Physik. Chem. 22B, 305 (1933)

81

15,12,
Addul. tet. 1

29, spec.



Time 65% R.H. 75% R.H. 86% R.H. 93%R.H.

Stat. Vae. Stat. Vac. | Stat. Vae. | Stat. Vae.
24 hrs. 14.0 8.3 11.5 14.1 | 25.4 19.0 271 234
1 week 12.8 12.1 13.0 125 | 23.2 25.6 23.9 27.5
30 days 14.1 27.7 30.9

Solgbility Data :

soluble in petroleum

solvents

82

Refs.

50V2

12

‘Addnl. Ref. 1

32 (Table 14)
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Calecium Resinate (page 2)

Health Hazard :
Safety Classification :

OSM : not listed
ICC: Flammable solid :yellow label. Listed under “Explosives and Other
Dangerous Materials.”
Fire and Explosion Hazard: Slight; when heated it can react with oxidizing
materials.
Electrostatic Sensitivity :

unknown

Use In Pyrotechnics : Calcium resinate is used as a retardant fuel, and binding
agent. Imparts a yellow-red color to burning compositions. Use also as a
waterproofing agent.

Additional References :

1) “A Comparative Study of the X-Ray Diffraction Patterns and Thermal
Transitions of Metal Soaps,” M. J. Vold and R. D, Vold, J. Am. Oil
Chemists’ Soc. 26,520 (1949)

12

17



CALCII'M SILICIDE, CaSi,

Specification No. : JAN-C-324

The specification covers two grades which differ in purity and granulation.
Grade I is used in smoke mixtures, and Grade II in both smoke mixtures
and tracer compositions.

Molecular Weight : 96.26

Crystalline Form : glassy solid

Color : N

Density, g./ml. : (solid) 2.5

Coefficient of Thermal Expansion: —_—

Heat of Formation, Kcal./mole at 298°K: (c)-36

Free Energy of Formation : —_

Entropy : -

Melting Point: 1493°K (1220°C)
1020°C

Heat of Fusion:

Roiling Point :

Transition Point.:

Heat of Sublimation :

Heat Content or Enthalpy :
Heat Capacity :
Decomposition Temperature :

Decomposition Products :
Vapor Pressure :

RERRN

X-Way Crystallographic Data :

System  Space Group a Axial Angle  Molecules/Unit Cell
hexagonal D34 10.4  21°80/ 2

Note: The structure is characterized by layers of rings with six Si atoms

Hygroscopicity : See Solubility (in water)
Solubility Data : In cold water : insoluble
In hot water decomposes according to the equation :
CaSi, +6H,0 =Ca(OH) ,+28i0, +5H,0
In acids and bases: decomposes
Health Hazard : Has caustic action irritating to the skin and respiratory system

May cause dermatitis and irritation to the eyes and mucous membranes.
(Treatment — wash with large volumes of water)

Believed to be nontoxic.

Refa.

1,9

9
44, Addnl.
Ref. 2

1
Addnl. Refs.

1
Addnl. Ref. 2

12

93



Calcium Silicide, CaSi; (page 2)

Safety Classification :
OSM : not listed
ICC : flammable solid

Fire and Explosion Hazard : Dangerous by chemical reaction with oxidizers.
When heated can burn or explode and emit toxic fumes. In contact with
water may emit flammable silicon hydrides.

Electrostatic Sensitivity :

Use in Pyrotechnics: CaSi; is used as a fuel and to impart a yellow-red color to
burning compositions. Used in igniter compositions for tracer projectiles.

Additional References :
1) E. Wéhler and E Schiephake, Zeit. anorg. Chem. 151, 1 (1926)

2) “Silicon and Its Binary tem,’”” A. S. Birezhnoil (Translated fiom
. the Russian), Consultants’Bureau, New York (1960)

3) H. Bohm and 0. Hassel, Zeit. anorg. Chem. 160,162 (1927)
4) C.A.49,14326 (1955)

12, Addnl.
Ref. 1

17, Addnl.
Ref. 4



CALCIUM STEARATE

Formula : Ca(CisHas0;) 2

Specification No. : JAN-C-263

Molecular Weight : 607.00

Crystalline Form : crystalline powder

See Addnl. Refs. 2, 3
Color : opaque, translucent after
heating and cooling

Density:

Coefficient of Thermal Expansion : e

Heat of Formation, Kcal./mole at 18°C: H,=-662.6
H,=-641.1

Free Energy of Formation: _—

Entropy : —_—

Melting Point: 452-463°K (179-180°C)

Heat of Fusion :

Boiiing Point: decomposes

Transition Point: Phase changes at 65, 86, 123, 150, 195 and 350°C. Below
. 150°C the stable phases are crystalline.

Transition Temperatures and Heats of Transition
°C cal./mole
89
107 2080
152
190
58
89
106 7430
146
187
Note: Values vary with the source of the samples, which are not pure.
The 150-195°C phase is a liquid crystal. Quenching from a temperature
of 123-150°C produces an unstable crystal, but an unstable vitreous form
results on quenching from above 150°C. Technical Ca stearate resembles the
pure material but assumesthe vitreous form more readily and crystallizes with
difficulty.
Heat of Subiimation : -

Heat Content or Enthalpy: S
Heat Capacity: —

Decomposition Temperature, °C : above 350
For DTA see Addnl. Ref. 4

Refs.

Addnl. Ref 4

Addnl. Ref. 1

1

Addnl. Refs.
2,3

Addnl. Ref. 2

Addnl. Refs.
2,8,4



Calcium Stearaie {page 2)

Decomposition Products : —_—
‘Vapor Pressure : —_—
X-Kay Crystallographic Data :

For X-Ray Diffraction Data see Addnl. Ref 5

Hygroscopicity : -
Solubility Data: In water: 0.004 g./100 ml. at 15°C
(not readily wetted)
In alcohol and ecther: insoluble

In methyl acohol and toluol, g./100 g, :

Temp. ©C methyl alcohol  toluol

25 0.05 0.03
50 0.09 047
75 0.22
100 gelled®
*Ca stearate precipitated on cooling
Health Hazard: none mentioned
Safety Classifications:
OSM: not listed
{CC: not listed
¥Fire and Explosion Hazard : _—

Electrostatic Sensitivity: p—

Use in Pyrotechnics : As a fuel and to impart a yellow-red color to burning com-
positions, Also waterproofing, lubricating, and bonding agent.

Additional References :
1) E. Médard, Mém. artilleric frang £8, 467 (1954)

2) “Polymorphic Transformations of Ca Stearate and Ca Stearate Mono-
hydrate,” R. Vold et al., J. Colloid. Sci. 3, 339 (1948)

33 ““Crystal Forms of Anhydrous Ca Stearate Derivable from Calcium
Stearate Monohydrate,” M. Vold et al., J. Colloid Sci. 4, 93 (1949)

4) “Differential Thermal Analysis of Metal Soaps,” G. Hattiangdi et al.,
Ind. Eng. Chem.41,2320 (1949)

5) “Characterization of Heavy Metal Soaps by X-Ray Diffraction,” R.
Vold and G. Hattiangdi, Jnd. Eng. Chem. 41, 2311 (1949)

6) “Aero Metallic Stearates,” Am. Cyanamid Co., Bound Brook, N.J.
(1960)
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CARBON BLACK (DRY) and LAMPBLACK, C

(Cape Cod Black, Gloss Soot, Light Soof, Flame Soot,

Flame Black, Furnace Black, Channel Black, and a wide
variety of proprietary namee and numbers)

Specification No. : Carbon black (dry) : MILC-11403
Lampblack : TT-L-706

Carbon black is an amorphous, quasi-graphitic carbon obtained by burning
gas, oils, tars, or other carbonaceous material in an insufficient amount of air to
form a deposit of soot. By varying the process and the starting material, prop-
erties of the products can be varied considerably. Carbon black is usually one
of the followingtypes :

a) Animal charcoal, made by charring bones, meat, or blood.

b) Gas black, furnace black, or channel black, made by the incomplete
combustion of natural gas.

¢) Lampblack obtained by burning various fats, oils, and resins, under
controlled conditions.

d) Wbod and vegetable charcoals.

Carbon blacks are very finely divided. Most individual particles are in the
range of 13 to 274 myu. As colloids, the particles are negatively charged and '
show the Brownian movement. Lampblack is amorphous but most carbon blacks
are a mixture of the amorphous and crystalline forms. Carbon blacks have an
enormous surface per unit mass and are very absorbent. The structure and pH
can also be varied over a wide range. Carbon blacks thus find a wide variety of
uses.

The individual fine particles are composed of several thousand crystallites.
These are in parallel layers of carbon atoms arranged in hexagonal rings as in
graphite, but in carbon black the symmetry is much less precise so that the
carbon atoms in adjacent layers are rotated about an axis at right angles to
their plane. The structure is similar to that of true graphite as the carbon rings
are arranged roughly parallel and equidistant but otherwise completely random,
and the dimensions within a layer are the same as in graphite. The layer is
somewhat larger than in graphite. The effect of heat treatment is to increase
the size of the parallel layer groups. On graphitization the material changes
discontinually to the crystalline graphite structure. The usual carbon black is
not finely divided graphite. Small angle scattering indicates the existence of
clusters of a few hundred angstrom units in size. These clusters are measured
by microscope units, by the electron microscope and by surface areas, rather
than